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The Integrated Monitoring Programme (ICP IM) is part of the effect-oriented activities under 
the 1979 Convention on Long-range Transboundary Air Pollution, which covers the region of 
the United Nations Economic Commission for Europe (UNECE). The main aim of ICP IM is to 
provide a framework to observe and understand the complex changes occurring in natural/
semi natural ecosystems.
This report summarizes the work carried out by the ICP IM Programme Centre and several 
collaborating institutes. The emphasis of the report is in the work done during the programme 
year 2011/2012 including:
• A short summary of previous data assessments
•  A status report of the ICP IM activities, content of the IM database, and geographical  
coverage of the monitoring network
• An interim report on sulphur and nitrogen input-output budgets at ICP IM sites
•  A summary of results from biological sub-programmes of ICP IM and data analysis of  
relationship between changes in abundance of understory species and Nitrogen Critical  
Load exceedance
•  A progress report on field monitoring and dynamic soil-vegetation modelling using  
VSD+ model
• National Reports on ICP IM activities are presented as annexes.
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ABBREVIATIONS
AMAP Arctic Monitoring and Assessment Programme
ANC  Acid neutralising capacity 
ALTER-Net A Long-Term Biodiversity, Ecosystem and Awareness Research Network
CCE Coordination Center for Effects
CL   Critical Load
CNTER Carbon-nitrogen interactions in forest ecosystems
ECE  Economic Commission for Europe
EMEP Cooperative Programme for Monitoring and Evaluation of the Long-range 
   Transmission of Air Pollutants in Europe
EMEP50 EMEP grid system with a resolution of 50 km by 50 km
EnvEurope EU LIFE project “Environmental quality and pressures assessment across 
   Europe; the LTER network as an integrated and shared system for ecosystem
    monitoring” 
EU   European Union 
EU LIFE EU’s financial instrument supporting environmental and nature 
   conservation projects throughout the EU
ICP  International Cooperative Programme
ICP Forests International Cooperative Programme on Assessment and Monitoring of 
   Air Pollution Effects on Forests
ICP IM   International Cooperative Programme on Integrated Monitoring of Air 
   Pollution Effects on Ecosystems
ICP Materials International Cooperative Programme on Effects on Materials
ICP M&M ICP Modelling and Mapping, International Cooperative Programme on  
   Modelling and Mapping of Critical Loads and Levels and Air Pollution  
   Effects, Risks and Trends
ICP Waters International Cooperative Programme on Assessment and Monitoring 
   Effects of Air Pollution on Rivers and Lakes
ICP Vegetation International Cooperative Programme on Effects of Air Pollution on Natural
    Vegetation and Crops
ILTER  International Long Term Ecological Research Network
IM   Integrated Monitoring
JEG  JEG DM, Joint Expert Group on Dynamic Modelling
LifeWatch EU-infrastructure project, e-science and infrastructure for biodiversity data  
   and observatories
LRTAP Convention Convention on Long-range Transboundary Air Pollution
LTER-Europe European Long-Term Ecosystem Research Network
LTER-Network  Long Term Ecological Research Network
MFR  Maximum feasible reductions scenario
NFP  National Focal Point
RECOVER:2010 Predicting recovery in acidified freshwaters by the year 2010, and beyond
UNECE United Nations Economic Commission for Europe
WGE Working Group on Effects
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Summary
Background and objectives of ICP IM
Integrated monitoring of ecosystems means physical, chemical and biological meas-
urements over time of different ecosystem compartments simultaneously at the same 
location. In practice, monitoring is divided into a number of compartmental sub-
programmes which are linked by the use of the same parameters (cross-media flux 
approach) and/or same or close stations (cause-effect approach).
The International Cooperative Programme on Integrated Monitoring of Air Pol-
lution Effects on Ecosystems (ICP IM, www.environment.fi/syke/im) is part of the 
Effects Monitoring Strategy under the Convention on Long-range Transboundary Air 
Pollution (LRTAP Convention). The main objectives of the ICP IM are:
•	 To	monitor	the	biological,	chemical	and	physical	state	of	ecosystems	(catch-
ments/plots) over time in order to provide an explanation of changes in terms 
of causative environmental factors, including natural changes, air pollution 
and climate change, with the aim to provide a scientific basis for emission 
control.
•	 To	develop	and	validate	models	for	the	simulation	of	ecosystem	responses	
and use them (a) to estimate responses to actual or predicted changes in pollu-
tion stress, and (b) in concert with survey data to make regional assessments.
•	 To	carry	out	biomonitoring	to	detect	natural	changes,	in	particular	to	assess	
effects of air pollutants and climate change.
The full implementation of the ICP IM will allow ecological effects of heavy metals, 
persistent organic substances and tropospheric ozone to be determined. A primary 
concern is the provision of scientific and statistically reliable data that can be used in 
modelling and decision making.
The ICP IM sites (mostly forested catchments) are located in undisturbed areas, 
such as natural parks or comparable areas. The ICP IM network presently covers 
forty-four sites from fifteen countries. The international Programme Centre is located 
at the Finnish Environment Institute in Helsinki. The present status of the monitoring 
activities is described in detail in Section 1 of this report.
A manual detailing the protocols for monitoring each of the necessary physical, 
chemical and biological parameters is applied throughout the programme (Manual 
for Integrated Monitoring 1998).
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Assessment activities within the ICP IM
Assessment of data collected in the ICP IM framework is carried out at both national 
and international levels. Key recent tasks regarding international ICP IM data have 
been:
•	 Input-output	and	proton	budgets
•	 Trend	analysis	of	bulk	and	throughfall	deposition	and	runoff	water	chemistry
•	 Assessment	of	biological	data	using	multivariate	gradient	analysis
•	 Dynamic	modelling	and	assessment	of	the	effects	of	different	emission	/	dep-
osition scenarios, including confounding effects of climate change processes
•	 Assessment	of	concentrations,	pools	and	fluxes	of	heavy	metals
•	 Empirical	thresholds	for	N	deposition	(soil	C/N	ratios,	input-output	budgets)
•	 Compilation	of	available	information	on	cause-effect	relationships	of	forest	
ecosystems
•	 Calculation	of	critical	loads	for	sulphur	and	nitrogen	compounds,	and	assess-
ment of critical load exceedance, as well as links between critical load exceed-
ance and empirical impact indicators. 
Conclusions from international 
studies using ICP IM data
Input-output and proton budgets, C/N interactions
Ion mass budgets have proved to be useful for evaluating the importance of various 
biogeochemical processes that regulate the buffering properties in ecosystems. Long-
term monitoring of mass balances and ion ratios in catchments/plots can also serve as 
an early warning system to identify the ecological effects of different anthropogeni-
cally derived pollutants, and to verify the effects of emission reductions.
The first results of input-output and proton budget calculations were presented 
in the 4th Annual Synoptic Report (ICP IM Programme Centre 1995) and the updated 
results regarding the effects of N deposition were presented in Forsius et al. (1996). 
Data from selected ICP IM sites were also included in European studies for evaluat-
ing soil organic horizon C/N-ratio as an indicator of nitrate leaching (Dise et al. 1998, 
MacDonald et al. 2002). Soil water fluxes for budget calculations have been estimated 
using a water balance model and were presented in Starr 1999. More recent results 
regarding the calculation of fluxes and trends of S and N compounds were presented 
in a scientific paper prepared for the Acid Rain Conference, Japan, December 2000 
(Forsius et al. 2001). A scientific paper regarding calculations of proton budgets was 
published in 2005 (Forsius et al. 2005).
The budget calculations showed that there was a large difference between the sites 
regarding the relative importance of the various processes involved in the transfer 
of acidity. These differences reflected both the gradients in deposition inputs and 
the differences in site characteristics. The proton budget calculations showed a clear 
relationship between the net acidifying effect of nitrogen processes and the amount 
of N deposition. When the deposition increases also N processes become increasingly 
important as net sources of acidity.
A critical deposition threshold of about 8-10 kg N ha-1 a-1, indicated by several 
previous assessments, was confirmed by the input-output calculations with the ICP 
IM data (Forsius et al. 2001). The output flux of nitrogen was strongly correlated with 
key ecosystem variables like N deposition, N concentration in organic matter and 
7The Finnish Environment  28 | 2012
current year needles, and N flux in litterfall (Forsius et al. 1996). Soil organic horizon 
C/N-ratio seems to give a reasonable estimate of the annual export flux of N for Eu-
ropean forested sites receiving throughfall deposition of N up to about 30 kg N ha-1 
a-1. When stratifying data based on C/N ratios less than or equal to 25 and greater 
than 25, highly significant relationships were observed between N input and nitrate 
leached (Dise et al. 1998, MacDonald et al. 2002, Gundersen et al. 2006). Such statisti-
cal relationships from intensively studied sites can be efficiently used in conjugation 
with regional monitoring data (e.g. ICP Forests and ICP Waters data) in order to link 
process level data with regional-scale questions.
Sulphur budgets calculations indicated a net release of S from many ICP IM sites, 
indicating that the soils are releasing previously accumulated S. Similar results have 
been obtained in other recent European plot and catchment studies. 
The reduction in deposition of S and N compounds at the ICP IM sites, caused by 
the “Protocol to Abate Acidification, Eutrophication and Ground-level Ozone” of the 
LRTAP Convention (“Gothenburg protocol”), was estimated for the year 2010 using 
transfer matrices and official emissions. Implementation of the protocol will further 
decrease the deposition of S and N at the ICP IM sites in western and north western 
parts of Europe, but in more eastern parts the decrease will be smaller (Forsius et al. 
2001).
Results from the ICP IM sites were also summarised in an assessment report pre-
pared by the Working Group on Effects of the LRTAP Convention (WGE) (Sliggers 
and Kakebeeke 2004, Working Group on Effects 2004).
ICP IM has contributed to an assessment report on reactive nitrogen (Nr) of the 
WGE. This report has been prepared for submission to the TF on Reactive Nitrogen 
and other bodies of the LRTAP Convention to show what relevant information has 
been collected by the ICP programmes under the aegis of the WGE to allow a better 
understanding of Nr effects in the ECE region. The report contributes relevant infor-
mation for the revision of the Gothenburg Protocol, aiming to abate the emission of 
air pollutants contributing to acidification, eutrophication and ground-level ozone.
It should also be recognized that there are important links between N deposition 
and the sequestration of C in the ecosystems (and thus direct links to climate change 
processes). These questions were studied in the CNTER-project in which data from 
both the ICP IM  and EU/Intensive Monitoring sites were used (Gundersen et al. 
2006). A summary report of the CNTER-results on C/N -interactions and nitrogen 
effects in European forest ecosystems was prepared for the WGE meeting 2007 (ECE/
EB.AIR/WG.1/2007/10).
Trend analysis
Empirical evidence on the development of environmental effects is of central im-
portance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry were also used for a trend analysis carried out by the 
ICP Waters and results were presented in the Nine Year Report of that programme 
(Lükewille et al. 1997).
Calculations on the trends of N and S compounds, base cations and hydrogen ions 
were made for 22 ICP IM sites with available data across Europe (Forsius et al. 2001). 
The site-specific trends were calculated for deposition and runoff water fluxes using 
monthly data and non-parametric methods. Statistically significant downward trends 
of SO4, NO3 and NH4 bulk deposition (fluxes or concentrations) were observed at 
50% of the ICP IM sites. Sites with higher N deposition and lower C/N-ratios clearly 
showed higher N output fluxes, and the results were consistent with previous obser-
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vations from European forested ecosystems. Decreasing SO4 and base cation trends 
in runoff waters were commonly observed at the ICP IM sites. At some sites in the 
Nordic countries decreasing NO3 and H
+ trends (increasing pH) were also observed. 
The results partly confirm the effective implementation of emission reduction policy 
in Europe. However, clear responses were not observed at all sites, showing that 
recovery at many sensitive sites can be slow and that the response at individual sites 
may vary greatly.
Data from ICP IM sites were also used in a study of the long-term changes and 
recovery at nine calibrated catchments in Norway, Sweden and Finland (Moldan 
et al. 2001, RECOVER: 2010 project). Runoff responses to the decreasing deposition 
trends were rapid and clear at the nine catchments. Trends at all catchments showed 
the same general picture as from small lakes in Scandinavia.
It was agreed at the ICP IM Task Force meeting in 2004 that a new trend analysis 
should be carried out. The preliminary results were presented in Kleemola (2005) 
and the updated results in the 15th Annual Report (Kleemola et al. 2006). Statistically 
significant decreases in SO4 concentrations were observed at a majority of sites in 
both deposition and runoff/soil water quality. Increases in ANC (acid neutralising 
capacity) were also commonly observed. For NO3 the situation was more complex, 
with fewer decreasing trends in deposition and even some increasing trends in run-
off/soil water.
Results from several ICPs and EMEP were used in an assessment report on acidify-
ing pollutants, arctic haze and acidification in the arctic region prepared for the Arctic 
Monitoring and Assessment Programme (AMAP, Forsius and Nyman 2006, www.
amap.no). Sulphate concentrations in air generally showed decreasing trends since 
the 1990s. In contrast, levels of nitrate aerosol were increasing during the arctic haze 
season at two stations in the Canadian arctic and Alaska, indicating a decoupling 
between the trends in sulphur and nitrogen. Chemical monitoring data showed that 
lakes in the Euro-Arctic Barents region are showing regional scale recovery. Direct 
effects of sulphur dioxide emissions on trees, dwarf shrubs and epiphytic lichens 
were observed close to large smelter point sources.
Vuorenmaa et al. (2009) made a more recent trend evaluation using ICP IM data. 
These new results of the ICP IM sites confirmed the previously observed regional-
scale decreasing trends of S in deposition and runoff/soil water. Acid-sensitive ICP 
IM sites in northern Europe also indicated recovery from acidification. The situation 
regarding N was quite different with few decreasing trends in deposition and both 
decreasing and increasing trends in runoff/soil water. Critical load calculations for 
Europe also indicate exceedances of the N critical loads over large areas. It was con-
cluded that the N problem thus clearly requires continued attention as a European 
air pollution issue.
A new assessment on changes in the retention of S and N compounds at the ICP 
IM sites is included in the present report (Vuorenmaa et al. 2012).
Assessment of biological data using multivariate gradient analysis
The effect of pollutant deposition on natural vegetation, including both trees and 
understorey vegetation, is one of the central concerns in the impact assessment and 
prediction. The first assessment of vegetation monitoring data at ICP IM sites with 
regards to N and S deposition was carried out by Liu (1996). Vegetation monitoring 
was found useful in reflecting the effects of atmospheric deposition and soil water 
chemistry, especially regarding sulphur and nitrogen. The results suggested that 
plants respond to N deposition more directly than to S deposition with respect to 
vegetation indices.
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De Zwart (1998) carried out an exploratory multivariate statistical gradient analy-
sis of possible causes underlying the aspect of forest damage at ICP IM sites. These 
results suggested that coniferous defoliation, discolouration and lifespan of needles 
in the diverse phenomena of forest damage are for respectively 18%, 42% and 55% 
explained by the combined action of ozone and acidifying sulphur and nitrogen 
compounds in air.
From the previous ordination exercises it was concluded that the applied statistical 
techniques are capable of revealing underlying structure and possible cause-effect 
relationships in complex ecological data, provided that analysed gradients have an 
adequate range to be interpolated. Since the data obtained were unexpectedly poor in 
the span of environmental gradients, the results of the presented statistical ordination 
only indicated correlative cause-effect relationships with a limited validity. The poor 
span of gradients could be attributed to the relative scarcity of biological effect data 
and the occurrence of missing observations both in the chemical and biological data 
sets. It was concluded, that the power of the vegetation monitoring in impact assess-
ment would increase considerably with improvements in the ICP IM data reporting 
and inclusion of additional sites.
As a separate exercise, the epiphytic lichen flora of 25 European ICP IM monitor-
ing sites, all situated in areas remote from local air pollution sources, was statistically 
related to measured levels of SO2 in air, NH4
+, NO3
– and SO4
2– in precipitation, annual 
bulk precipitation, and annual average temperature (van Herk et al. 2003, de Zwart 
et al. 2003). It was concluded that long distance transport of nitrogen air pollution is 
important in determining the occurrence of acidophytic lichen species, and constitutes 
a threat to natural populations that is strongly underestimated so far. 
Concepts for biodiversity monitoring and research have been developed in the 
ALTER-Net project (www.alter-net.info).
Work is currently in progress to collect available information on biodiversity chang-
es and indicators at the ICP IM sites. Interim report on biodiversity issues containing 
preliminary results and progress was prepared for the 20th Annual Report (Bergander 
et al. 2011). A report on relations between biodiversity indicators and CL-exceedances 
is included in the present Annual Report (Dirnböck et al. 2012).
Dynamic modelling and assessment of the effects 
of emission/deposition scenarios
In a policy-oriented framework, dynamic models are needed to explore the temporal 
aspect of ecosystem protection and recovery. The critical load concept, used for defin-
ing the environmental protection levels, does not reveal the time scales of recovery. 
Priority in the ICP IM work is given to site-specific modelling. The role of ICP IM is 
to provide detailed and consistent physical and chemical data and long time-series 
of observations for key sites against which model performance can be assessed and 
key uncertainties identified (see Jenkins et al. 2003). ICP IM participates also in the 
work of the Joint Expert Group on Dynamic Modelling (JEG) of the WGE.
Dynamic models have been developed and used for the emission/deposition and 
climate change scenario assessment at several selected ICP IM sites (e.g. Forsius et 
al. 1997, 1998a 1998b, Posch et al. 1997, Jenkins et al. 2003, Futter et al. 2008). These 
models are flexible and can be adjusted for the assessment of alternative scenarios of 
policy importance. The modelling studies have shown that the recovery of soil and 
water quality of the ecosystems is determined by both the amount and the time of im-
plementation of emission reductions. According to the models, the timing of emission 
reductions determines the state of recovery over a short time scale (up to 30 years). 
The quicker the target level of reductions is achieved, the more rapidly the surface 
water and soil status recover. For the long-term response (> 30 years), the magnitude 
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of emission reductions is more important than the timing of the reduction. The model 
simulations also indicate that N emission controls are very important to enable the 
maximum recovery in response to S emission reductions. Increased nitrogen leaching 
has the potential to not only offset the recovery predicted in response to S emission 
reductions but further to promote substantial deterioration in pH status of freshwaters 
and other N pollution problems in some areas of Europe.
Work has also been conducted to predict potential climate change impacts on air 
pollution related processes at the sites. The large EU-project Euro-limpacs (2004-2009) 
studied the global change impacts on freshwater ecosystems. The institutes involved 
in the project used  data collected at ICP IM and ICP Waters sites as key datasets for 
the modelling, time-series and experimental work of the project. A modelling assess-
ment on the global change impacts on acidification recovery was carried out in the 
project (Wright et al. 2006). The results showed that climate/global change induced 
changes may clearly have a large impact on future acidification recovery patterns, and 
need to be addressed if reliable future predictions are wanted (decadal time scale). 
However, the relative significance of the different scenarios was to a large extent de-
termined by site-specific characteristics. For example, changes in sea-salt deposition 
were only important at coastal sites and changes in decomposition of organic matter 
at sites which are already nitrogen saturated.
A summary on the use of dynamic modelling forecasts to derive target loads for 
sulphur and nitrogen in atmospheric deposition, including climate change impacts, 
was included in the 16th Annual Report (Hutchins 2007). 
In response to environmental concerns, the use of biomass energy has become an 
important mitigation strategy against climate change. A summary report on links 
between climate change and air pollution effects, based on results of the Euro-limpacs 
project, was prepared for the WGE meeting 2008 (ECE/EB.AIR/WG.1/2008/10). It 
was concluded that the increased use of forest harvest residues for biofuel production 
is predicted to have a significant negative influence on the base cation budgets causing 
re-acidification at the study catchments. Sustainable forestry management policies 
would need to consider the combined impact of air pollution and harvesting practices. 
Pools and fluxes of heavy metals
The work to assess concentrations, stores and fluxes of heavy metals at ICP IM sites is 
led by Sweden. Preliminary results on concentrations, fluxes and catchment retention 
were reported to the Working Group on Effects (document EB.AIR/WG.1/2001/10). 
Considerable retention of Cd, Cu, Ni, Pb and Zn (80-95 % of total input) was observed 
at some sites with available detailed information. The main findings on heavy metals 
budgets and critical loads at ICP IM sites were presented in the 15th, 16th and 20th An-
nual Reports (Bringmark et al. 2006, Bringmark and Lundin 2007, Bringmark 2011). 
In many national studies on ICP IM sites, detailed site-specific budget calculations 
of heavy metals (including mercury) have improved the scientific understanding of 
ecosystem processes, retention times and critical thresholds. ICP IM sites are also 
used for dynamic model development of these compounds.
Compilation of available information on cause-
effect relationships of forest ecosystems
A report summarising available information from the ICP Forests and ICP IM pro-
grammes on cause-effect relationships of forest ecosystems was prepared by de Vries 
et al. 2002. The results were also officially reported to the Working Group on Effects 
in 2002 (EB.AIR/WG.1/2002/15).
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Calculation of critical loads and their exceedance, 
relationships to effect indicators
Empirical impact indicators of acidification and eutrophication were determined from 
stream water chemistry and runoff observations at ICP IM catchments. The indicators 
were compared with exceedances of critical loads of acidification and eutrophication 
obtained with deposition estimates for the year 2000. Critical loads for acidification 
were calculated for the stream water with the Steady-State Water Chemistry model 
feeding into the First-order Acidity Balance model. Critical loads for eutrophication 
were established as vegetation-specific empirical values for sites with only vegetation 
plots without runoff observations. Empirical impact indicators agreed well with the 
calculated exceedances. Annual mean fluxes and concentrations of acid neutralizing 
capacity (ANC) were negatively correlated with the exceedance of critical loads 
of acidification. Observed leaching of nitrogen was positively correlated with the 
exceedances of critical loads. With deposition estimates for 2020, although only one 
more catchment (7 cf. 6 of 18) would be protected from acidification, the average 
exceedance would decrease from 1 000 eq ha–1 yr–1 in 2000 to 300 eq ha–1 yr–1 in 2020. 
For the vegetation plots, the protection from eutrophication would rise from 15 (of 
83) protected in 2000 to 54 protected in 2020. Progress reports of these activities were 
presented in Holmberg et al. (2009) and Vuorenmaa and Holmberg (2010). A scientific 
manuscript on the key findings from these studies has been prepared (Holmberg et 
al., accepted).
Planned activities
•	 Maintenance	and	development	of	a	central	ICP	IM	database	at	the	Pro-
gramme Centre.
•	 Continued	assessment	of	the	long-term	effects	of	air	pollutants	to	support	the	
implementation of emission reduction protocols, including:
- Assessment of trends.
- Calculation of ecosystem budgets, empirical deposition thresholds and site-
specific critical loads.
- Dynamic modelling and scenario assessment.
- Comparison of calculated critical load exceedances with observed ecosys-
tem effects.
•	 Calculation	of	pools	and	fluxes	of	heavy	metals	at	selected	sites.
•	 Assessment	of	cause-effect	relationships	for	biological	data,	particularly	veg-
etation.
•	 Coordination	of	work	and	cooperation	with	other	ICPs,	particularly	regarding	
dynamic modelling (all ICPs), cause-effect relationships in terrestrial systems 
(ICP Forests, ICP Vegetation), and surface waters (ICP Waters).
•	 Participation	in	the	development	of	the	European	LTER-network	(Long	Term	
Ecological Research network, www.lter-europe.net), and the related EU-infra-
structure project LifeWatch (www.lifewatch.eu).
•	 Cooperation	with	other	external	organisations	and	programmes,	particularly	
the International Long Term Ecological Research network (ILTER,  
www.ilternet.edu).
•	 Participation	in	projects	with	a	global	change	perspective.	
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1    ICP IM activities, monitoring sites 
and available data
1.1  
Review of the ICP IM activities in 2011-2012
Meetings
•	 The	Chairman	Lars	Lundin	represented	the	ICP	IM	programme	at	the	27th ICP 
Forests Task Force meeting in Copenhagen, Denmark, 15-19 May 2011.
•	 Jussi	Vuorenmaa	represented	the	ICP	IM	programme	at	the	8th International 
Conference on Acid Deposition: ACID RAIN 2011, in Beijing, China, 15-18 
June 2011.
•	 The	Programme	Manager	Martin	Forsius	participated	in	the	symposium	
“Ecosystem Services in soil and water research” 7-10 June 2011 in Uppsala, 
Sweden.
•	 Martin	Forsius	took	part	in	the	workshop	“Long	term	socio-ecological	re-
search: What do we know from science and practice?” co-organised by  
ALTER-Net and LTER-Europe in Helsinki, Finland, 14-17 June 2011.
•	 Martin	Forsius	attended	the	ExpeER	(Experimentation	in	Ecosystem	Re-
search) executive committee meeting on 29 June 2011 in Brussels, Belgium.
•	 Martin	Forsius	participated	in	ILTER's	annual	meeting	in	2011	co-organized	
by Japan Long-Term Ecological Research Network (JaLTER), IFES-GCOE of 
Hokkaido University, Ecosystem Adaptability GCOE of Tohoku University 
and Global Land Project (GLP) Sapporo Nodal Office. The meeting took place 
in Hokkaido University, Sapporo, Japan, 5-9 September 2011.
•	 Lars	Lundin	and	Martin	Forsius	represented	ICP	IM	in	the	Working	Group	on	
Effects (WGE) 30th meeting in Geneva, Switzerland, 27-29 September 2011 and 
in the WGE Extended Bureau meeting on 26 September.
•	 Jussi	Vuorenmaa	represented	the	ICP	IM	programme	at	the	ICP	Waters	27th 
Task Force meeting in Sochi, Russia, 19-21 October 2011.
•	 Martin	Forsius	participated	in	the	twelfth	meeting	of	Joint	Expert	Group	on	
Dynamic Modelling (JEG) in Sitges, Spain, 27-30 October 2011.
•	 Lars	Lundin	attended	the	EU	LIFE+	project	EnvEurope	meeting	in	Bucharest,	
Romania, 15-18 November 2011.
•	 Martin	Forsius	took	part	in	the	Nordic	European	workshop	of	the	Biodiver-
sityKnowledge project “Developing a Knowledge Network for EUropean 
expertise on biodiversity and ecosystem services to inform policy making 
economic sectors”, KNEU in Copenhagen, Denmark, 24-25 November 2011.
•	 Lars	Lundin	participated	in	the	LTER	Sweden	annual	meeting	on	5	December	
2011 in Uppsala, Sweden.
•	 Lars	Lundin	attended	the	EU	FP7	IP	SoilTrEC	meeting	on	16-18	January	2012	
in Ispra, Italy.
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•	 Lars	Lundin	represented	ICP	IM	in	the	joint	WGE	Extended	Bureau	and	
EMEP SB meeting and the (Extended) Bureau meeting in Geneva, Switzer-
land, 22-24 February 2012.
•	 Lars	Lundin	represented	the	ICP	IM	programme	at	the	22nd CCE workshop 
and 28th Task Force Meeting of the ICP M&M in Warsaw, Poland, 16-20 April 
2012.
•	 The	twentieth	meeting	of	the	Programme	Task	Force	on	ICP	Integrated	Moni-
toring was held in Kaunas, Lithuania 23 May 2012. The Workshop on May 22 
was organized as a part of the Conference “Biological Reactions of Forests to 
Climate Change and Air Pollution”.
Projects, data issues 
After December 1st 2011 the National Focal Points (NFPs) reported their 2010 results 
to the IM Programme Centre. The Programme Centre carried out standard check 
up of the results and incorporated them into the IM database after the new input 
software was finalized. 
Scientific work in priority topics
•	 The	Programme	Centre	prepared	the	ICP	IM	contribution	on	common	items	
for WGE reported in September 2011.
•	 The	Programme	Centre	prepared	the	ICP	IM	contribution	to	the	WGE	report	
"Impacts of air pollution on ecosystems, human health and materials under 
different Gothenburg Protocol scenarios" (www.unece.org/fileadmin/DAM/
env/documents/2012/EB/n_14_Report_WGE.pdf).
•	 Report	on	relations	between	biodiversity	indicators	and	CL-exceedances	has	
been compiled and is presented in the present Annual Report (Dirnböck et al. 
2012).
•	 Updated	report	on	mass	balances	for	S	and	N	has	been	prepared	by	the	ICP	
IM Programme Centre. The report is included in the Annual Report 2012 as a 
separate chapter (Vuorenmaa et al. 2012).
•	 A	progress	report	on	field	monitoring	and	dynamic	modelling	using	VSD	
model has been prepared, and is included in the present Annual Report 
(Holmberg and Dirnböck 2012).
•	 ICP	IM	participates	in	a	joint	coordinated	exercise	on	dynamic	modelling	
together with other ICPs (Joint Expert Group on Dynamic Modelling, JEG 
DM). Priority in the ICP IM work is given to site-specific modelling activities 
and development/testing of new methodologies for assessing the connections 
between air pollution and climate change.
1.2  
Activities and tasks planned for 2012-2013
Activities/tasks related to the programme's present objectives, 
carried out in close collaboration with other ICPs/ Task Forces 
According to the workplan of the Working Group on Effects, ICP IM will produce 
the following reports:
•	 Progress	report	on	base	line	heavy	metal	approach
•	 Updated	report	on	field	monitoring	and	dynamic	modeling	using	VSD	model
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•	 Final	report	(and	scientific	paper)	on	trends	and	mass	balances	for	sulphur	
and nitrogen at ICP IM sites
Other activities 
•	 Maintenance	and	development	of	central	ICP	IM	database	at	the	Programme	
Centre
•	 Arrangement	of	the	21st Task Force meeting (2013)
•	 Preparation	of	the	22nd ICP IM Annual Report (2013)
•	 Preparation	of	the	ICP	IM	contribution	to	assessment	reports	of	the	WGE
•	 Participation	in	meetings	of	the	WGE,	other	ICPs	and	the	JEG	DM
Activities/tasks aimed at further development of the programme
•	 Participation	in	the	development	of	the	European	LTER-network	(Long	Term	
Ecological Research network, www.lter-europe.net), and the related EU- 
infrastructure project LifeWatch (www.lifewatch.eu)
•	 Participation	in	the	activities	of	other	external	organisations,	particularly	the	
International Long Term Ecological Research Network (ILTER,  
www.ilternet.edu).
1.3  
Published reports and articles 2011-2012
Evaluations of international ICP IM data and related publications
Kleemola, S., Forsius, M. (Eds.) 2011. 20th Annual Report 2011. Convention on Long-range 
Transboundary Air Pollution, ICP Integrated Monitoring. The Finnish Environment 18/2011. 
Finnish Environment Institute, Helsinki, 66 p. http://www.environment.fi/default.
asp?contentid=392228&lan=en 
Evaluations of national ICP IM data and 
publications of ICP IM representatives 
Aherne, J., Posch, M., Forsius, M., Lehtonen, A. and Härkönen, K. 2012. Impacts of forest biomass 
removal on soil nutrient status under climate change: a catchment-based modelling study for 
Finland. Biogeochemistry 107: 471-488.
Asmi, A., Wiedensohler, A., Laj, P., Fjaeraa, A.-M., Sellegri, K., Birmili, W., Weingartner, E., 
Baltensperger, U., Zdimal, V., Zikova, N., Putaud, J.-P., Marinoni, A., Tunved, P., Hansson, H.-C., 
Fiebig, M., Kivekäs, N., Lihavainen, H., Asmi, E, Ulevicius, V., Aalto, P.P., Swietlicki, E., Kristensson, 
A., Mihalopoulos, N., Kalivitis, N., Kalapov, I., Kiss, G., de Leeuw, G. , Henzing, B., Harrison, 
R.M.,	Beddows,	D.,	O'Dowd,	C.,	Jennings,	S.G.,	Flentje,	H.,	Weinhold,	K.,	Meinhardt,	F.,	Ries,	L.	
and Kulmala, M. 2011. Number size distributions and seasonality of submicron particles in Europe 
2008–2009. Atmos. Chem. Phys. 11, 5505-5538.
Banwart, S., Bernasconi, S., Bloem, J., Blum, W., Brandao, M., Brantley, S., Chabaux, F., Duffy, C., Krám, 
P., Lair, G., Lundin, L., Nikolaidis, N., Novák, M., Panagos, P., Ragnarsdottir, K.V., Reynolds, B., 
Rousseva, S., de Ruiter, P., van Gaans, P., van Riemsdijk, W., White, T. and Zhang, B. 2011. Soil 
processes and functions in critical zone observatories: hypotheses and experimental design. Vadose 
Zone Journal 10: 974-987.
Benčoková, A., Hruška, J. and Krám, P. 2011. Modeling of anticipated climate change impact on 
biogeochemical cycles of acidified headwater catchment. Applied Geochemistry 26: S6-S8.
Benčoková, A., Hruška, J., Krám, P. and Stuchlík, E. 2011. Future and recent changes in flow patterns in 
the Czech headwater catchments. Die Bodenkultur 62: 17-22.
Benčoková, A., Krám, P. and Hruška, J. 2011. Future climate and flow patterns changes in Czech 
headwater catchments. Climate Research 49: 1-15.
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Bernhardt-Römermann, M., Gray, A., Vanbergen, A. J., Bergès, L., Bohner, A., Brooker, R. W., De Bruyn, 
L., De Cinti, B., Dirnböck, T., Grandin, U., Hester, A. J., Kanka, R., Klotz, S., Loucougaray, G., Lundin, 
L., Matteucci, G., Mészáros, I., Oláh, V., Preda, E., Prévosto, B., Pykälä, J., Schmidt, W., Taylor, M. E., 
Vadineanu, A., Waldmann, T. and Stadler, J. 2011. Functional traits and local environment predict 
vegetation responses to disturbance: a pan-European multi-site experiment. Journal of Ecology, 99: 
777–787.
Bringmark, E., Bringmark, L., Sonesten, L., Mjöfors, K., Johansson, M-J. 2011. Long-Term Monitoring 
of Scots Pine Litter Decomposition Rates Throughout Sweden Indicates Formation of a More 
Recalcitrant Litter in the South. Ambio (2011) 40, 878-890. 
Clarke, N., Fischer, R., de Vries, W., Lundin, L., Papale, D., Vesala, T., Merilä, P., Matteucci, G., Mirtl, M., 
Simpson, D., Paoletti, E. 2011. Availability, accessibility, quality and comparability of monitoring data 
for European forests for use in air pollution and climate change science. iForest 4: 162-166.
Fischer, R., Aas, W., de Vries, W., Clarke, N., Cudlin, P., Leaver, D., Lundin, L., Matteucci, G., Matyssek, 
R., Mikkelsen, T.N., Mirtl, M., Öztürk, Y., Papale, D., Potocic, N., Simpson, D., Tuovinen, J-P., Vesala, 
T., Wieser, G., Paoletti, E. 2011. Towards a transnational system of supersites for forest monitoring 
and reseach in Europe – an overview on present state and future recommendations. iForest 4:167-
171.
Futter, M.N., Löfgren, S., Köhler, S.J., Lundin, L., Moldan, F., Bringmark, L. 2011. Simulating Dissolved 
Organic Carbon Dynamics at the Swedish Integrated Monitoring Sites with the Integrated 
Catchments Model for Carbon, INCA-C. Ambio (2011) 40, 906-919.
Grandin, U. 2011. Epiphytic Algae and Lichen Cover in Boreal Forests - A Long-Term Study Along a N 
and S Deposition Gradient in Sweden. Ambio (2011) 40, 836-856.
Grandin, U. 2011. Understorey Vegetation Stability and Dynamics in Unmanaged Boreal Forests Along a 
Deposition Gradient in Sweden. Ambio (2011) 40, 867-877.
Köhler, S.J., Zetterberg, T., Futter, M.N., Fölster, J., Löfgren, S. 2011. Assessment of Uncertainty in Long-
Term Mass Balances for Acidification Assessments: A MAGIC Model Exercise. Ambio (2011) 40, 
891-905. 
Krám, P. 2011. Hydrological balance of the long-term monitored Lysina catchment (In Czech). In: 
Šír, M. and Tesař, M. (eds.). Hydrology of Small Catchment Conference Proceedings, Institute for 
Hydrodynamics, Academy of Sciences of the Czech Republic, Prague, 259-265.
Krám, P., Hruška, J. 2011. Modeling of soil degradation in the Czech critical zone observatories. 
Mineralogical Magazine 75(3): 1234. (abstract)
Löfgren, S., Aastrup, M., Bringmark, L., Hultberg, H., Lewin-Pihlblad, L., Lundin, L., Pihl Karlsson, G., 
Thunholm, B. 2011. Recovery of Soil Water, Groundwater, and Streamwater From Acidification at the 
Swedish Integrated Monitoring Catchments. Ambio (2011) 40, 836-856. 
Löfgren, S. and Zetterberg, T. 2011. Decreased DOC concentrations in soil water in forested areas in 
southern Sweden during 1987-2008. Science of the Total Environment 409:1916-1926. 
Posch, M., Aherne, J., Forsius, M., Rask, M. 2012. Past, present and future exceedance of critical loads of 
acidity for surface waters in Finland. Environ. Sci. Technol. 46(8), 4507-4514.
Schulte-Bisping, H., Beese F., Dieffenbach-Fries, H. 2012. C-fluxes and C-turnover of a mature mixed 
beech and pine stand under increasing temperature at ICP Integrated Monitoring site in Neuglobsow 
(Brandenburg). European Journal of Forest Research. DOI 10.1007/s10342-012-0627-4.
Strengbom, J., Andersen, H. V., Aazem, K., Adema, E. B., Alard, D., Bobbink, R., Bringmark, L., 
Buchwald, E., Cape, J.N., Cruz, C., Feest, A., Forsius, M., Harmens, H., Nordin, A., Pinho, P., 
Rotthier, S. L. F., Sheppard, L., Staelens, J., Tsiouris, S., Wuyts, K. 2011. New science on the effects of 
nitrogen deposition and concentrations on Natura 2000 sites, Working group report. In: Hicks, W. K., 
Whitfield, C. P., Bealey, W. J., Sutton, M. A. (eds.). Nitrogen Deposition and Natura 2000. COST office 
p. 129-136.
Váňa, M., Pekárek, J. 2011. Long-term trends of surface ozone in the Czech Republic. In: Acid Rain; 
The 8th International Conference on Acid Deposition, Abstract Book. Chinese Academy of Science, 
Beijing, pp. 163-164.
Vuorenmaa, J., Arvola, L., Rask, M. (Eds.) 2011. Hämeen ympäristö muutoksessa: kaksikymmentä 
vuotta ympäristön huippututkimusta Valkea-Kotisen alueella. Long-term environmental change 
in Häme: twenty years of environmental research and monitoring at Valkea-Kotinen supersite. The 
Finnish Environment 34/2011. Finnish Environment Institute, Helsinki, 104 p. (in Finnish, annex and 
graphs in English).
Winterdahl, M., Temnerud, J., Futter, M.N., Löfgren, S., Moldan, F., Bishop, K. 2011. Riparian Zone 
Influence on Stream Water Dissolved Organic Carbon Concentrations at the Swedish Integrated 
Monitoring Sites. Ambio (2011) 40, 920-930.
Wulff, S., Lindelöw, Å., Lundin, L., Hansson, P., Axelsson, A-L., Barklund, P., Wijk, S., Ståhl, G. 2012. 
Adapting forest health assessments to changing perspectives on threats – a case example from 
Sweden. Environ. Monit. Assess. 184: 2453-2464.
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1.4  
Monitoring sites and data
The following fifteen countries have continued data submission to the ICP IM data 
base during the period 2007 - 2011: Austria, Belarus, Canada, Czech Republic, Esto-
nia, Finland, Germany, Italy, Latvia, Lithuania, Norway, Russian Federation, Spain, 
Sweden, and United Kingdom. Ireland has re-established the site IE01 in 2012 and 
will provide data later this year.
Presently the number of ICP IM sites with on-going data submission, data for at 
least part of the period 2006 – 2010, is forty-four. Most of the sites are European. An 
overview of the data reported internationally to the ICP IM database is given in Table 
1.1. Additional earlier reported data are available from sites outside those presented 
in Table 1.1 and Figure 1.1. These sites have either been suspended or taken out of the 
IM network and used for regional monitoring. Locations of the ICP IM monitoring 
sites with data from recent years are shown in Figure 1.1
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Figure 1.1 Geographical locations of ICP IM sites with data from recent years.
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1.5  
National Focal Points (NFPs) and contact persons for ICP IM sites
AT/ Austria
NFP: Maria-Theresia Grabner and
Thomas Dirnböck
Environment Agency Austria
Spittelauer Lände 5 
A-1090 Vienna 
AUSTRIA 
e-mail: maria-theresia.grabner@umweltbundesamt.at
thomas.dirnboeck@umweltbundesamt.at
BY/ Belarus
NFP: Anatoly Srybny
Berezinsky Biosphere Reserve 
P.O Domzheritzy
Lepel District 
Vitebskaya oblast, 211188,
BELARUS
e-mail: srybny@tut.by 
CA/ Canada
Contact for site CA01: Dean S. Jeffries
National Water Research Institute
Canada Centre for Inland Waters
867 Lakeshore Road
P.O.Box 5050
Burlington, Ontario L7R 4A6
CANADA
e-mail: dean.jeffries@ec.gc.ca
Rock Ouimet 
Direction de la recherche forestiere 
Forest Quebec
Ministère des Resources naturelles du Quebec
2700 rue Einstein 
Sainte-Foy 
Québec, G1P 3W8
CANADA
e-mail: rock.ouimet@mrnf.gouv.qc.ca
Silvina Carou
Atmospheric Science Assessment and Integration 
Science and Technology Branch - Environment Canada 
4905 Dufferin Street
Toronto, Ontario M3H 5T4
CANADA
e-mail: silvina.carou@ec.gc.ca
CZ/ Czech Republic 
NFP and contact for site CZ01: Milan Vána
Czech Hydrometeorological Institute 
Observatory Košetice 
CZ-394 22 Košetice 
CZECH REPUBLIC
e-mail: vanam@chmi.cz
Contact for site CZ02: Pavel Krám
Czech Geological Survey
Department of Geochemistry
Klarov 3
118 21 Prague 1
CZECH REPUBLIC
e-mail: pavel.kram@geology.cz
DE/ Germany
NFP: Helga Dieffenbach-Fries
Federal Environment Agency 
Paul-Ehrlich-Straße 29 
D-63225 Langen
GERMANY
e-mail: helga.fries@uba.de 
Contact for site DE01: Burkhard Beudert
Nationalparkverwaltung Bayerischer Wald
Sachgebiet Forschung und Dokumentation
Integriertes Ökosystemmonitoring 
Freyunger Straße 2
D-94481 Grafenau
GERMANY
e-mail: burkhard.beudert@npv-bw.bayern.de
Contact for site DE02: Hubert Schulte-Bisping
Büsgen-Institute
Georg August University of Göttingen 
e-mail: Hubert.SchulteBisping@forst.uni-goettingen.de
EE/ Estonia 
NFP: Reet Talkop
Department of Development
Ministry of the Environment
Narva mnt 7A-517
15172 Tallinn
ESTONIA
e-mail: reet.talkop@envir.ee
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ES/ Spain
NFP:  Jesús Miguel Santamaría
Laboratorio Integrado de Calidad Ambiental, LICA
Dpto. Química y Edafología
Universidad de Navarra
Irunlarrea nº 1, 31008 Pamplona
SPAIN
e-mail: chusmi@unav.es
Contact for site ES02:
Raúl Bermejo Orduna
Laboratorio Integrado de Calidad Ambiental, LICA
Dpto de Química y Edafología
Universidad de Navarra
Irunlarrea nº 1, 31008 Pamplona
SPAIN
e-mail: rberord@unav.es
FI/ Finland
Contact persons:
Sirpa Kleemola and Jussi Vuorenmaa
Finnish Environment Institute 
P.O. Box 140
FI-00251 Helsinki
FINLAND
e-mail: sirpa.kleemola@ymparisto.fi
jussi.vuorenmaa@ymparisto.fi
GB/ United Kingdom
NFP: Chris Evans
Centre for Ecology and Hydrology (CEH) 
Environment Centre Wales
Deiniol Road
Bangor
LL61 6HJ
UNITED KINGDOM 
e-mail: cev@ceh.ac.uk
IE/Ireland
NFP: Thomas Cummins
University College Dublin
UCD School of Agriculture and Food Science
Belfield, Dublin 4
IRELAND 
e-mail: thomas.cummins@ucd.ie
IT/ Italy 
NFP: Enrico Pompei
National Forest Service (Div. VI)
CONECOFOR
Via Carducci 5 
I-00187 Rome 
ITALY
e-mail:e.pompei@corpoforestale.it
Contact for Alpine sites IT01, IT02: 
Stefano Minerbi 
Ufficio Servizi Generali Forestari 
Via Brennero 6 
I-39100 Bolzano 
ITALY
e-mail: stefano.minerbi@provinz.bz.it
LT/ Lithuania
NFP: Algirdas Augustaitis 
Forest Monitoring Laboratory
Aleksandras Stulginskis University
Studentu 13
Kaunas distr. 
LT-53362
LITHUANIA 
e-mail: algirdas.augustaitis@asu.lt
LV/ Latvia
NFP: Iveta Indriksone
State Ltd Latvian Environment, Geology and
Meteorology Centre
Monitoring Department
Maskavas Str. 165
LV-1019 Riga
LATVIA 
e-mail: epoc@lvgmc.lv
NO / Norway
NFP: Heleen de Wit
Norwegian Institute for Water Research, 
NIVA
Gaustadalléen 21  
NO- 0349 Oslo
NORWAY 
e-mail: heleen.de.wit@niva.no
RU/ Russia
NFP: Anna Koukhta
Institute of Global Climate and Ecology
Glebovskaya str. 20 B
107258 Moscow
RUSSIA
e-mail: anna_koukhta@mail.ru
SE/ Sweden
NFP: Lars Lundin 
Swedish University of Agricultural Sciences 
Department of Aquatic Sciences and 
Assessment
P.O. Box 7050
SE-75007 Uppsala
SWEDEN 
e-mail: lars.lundin@slu.se
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2.1  
Introduction
Since the 1980s both national and international environmental regulations and agree-
ments have led to widespread declines in the emissions of air pollutants in Europe and 
North America. In Europe, overall emissions of sulphur dioxide (SO2) have declined 
by 73% between the years 1990 and 2009 and those of nitrogen (N) compounds by 
36% (NOx) and 31% (NH3) (Fagerli et al. 2011). The protocols of the United Nations 
Economic Commission for Europe’s Convention on Long-Range Transboundary Air 
Pollution (UNECE CLRTAP) and legislation of the European Union have been key 
international instruments causing this positive development. In order to assess the 
ecosystem benefits of costly emission reduction policies, the importance of long-term 
integrated environmental monitoring approach including physical, chemical and 
biological variables is clearly indicated. The sites - with the different soil and forest 
type characteristics - belong to the multidisciplinary UNECE ICP Integrated Monitor-
ing (IM) network, set up to assess the environmental impacts of transboundary air 
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pollution, and to provide European scale comparison of sites at different pollution 
loads, climates and vulnerabilities to air pollution.
Mass balance budgets integrate information about the complex chemical and bio-
logical processes that govern the retention or release of S and N compounds and 
regulate acid production and buffering in both the terrestrial and aquatic portions 
of catchments in the ecosystem. The first results of input-output and proton budget 
calculations for Integrated Monitoring (IM) sites were presented in the 4th Annual Syn-
optic Report (ICP IM Programme Centre 1995) and the updated results regarding the 
input-output budgets for nitrogen were presented in Forsius et al. (1996). Soil water 
fluxes for budget calculations have been estimated using a water balance model and 
were presented in Starr (1999). More recent results regarding the calculation of fluxes 
and trends of S and N compounds were presented in a scientific paper prepared for the 
Acid Rain Conference, Japan, December 2000 (Forsius et al. 2001). A scientific paper 
regarding calculations of proton budgets was published in 2005 (Forsius et al. 2005).
Long-term assessment of mass balances in hydrologically and geologically well-
defined IM catchments gives important information for the identification of ecological 
effects of different anthropogenically derived pollutants, and for documenting the 
effects of emission reduction measures. This interim report presents estimates of mass 
balance budgets for sulphur and nitrogen at Integrated Monitoring sites during the 
period 1990-2010.
2.2  
Materials and methods
Annual input-output budgets for sulphur (S) and nitrogen (N) for the period 1990-
2010 were calculated for a selection of 17 IM sites (CZ01, CZ02, DE01, EE02, FI01, FI03, 
IT01, LT01, LT03, LV01, LV02, NO01, NO02, SE04, SE14, SE15, SE16). For the location 
of the sites see Figure 1.1 in Chapter 1. The selection of catchments was guided by 
the availability of deposition (bulk and throughfall) data and surface water chemistry 
and runoff volume data in the ICP IM database. Total deposition (meq m-2 a-1) i.e. 
the input of wet and dry deposition of sulphur to the catchment was estimated from 
bulk deposition (open area) and throughfall (forest stands) measurements. Because 
of the strong impact of canopy processes, bulk deposition measurements were used 
for nitrogen (NH4 + NO3) as total deposition estimates. Annual total deposition fluxes 
to the basins were calculated as the sum of monthly values. Output fluxes (meq m-2 
a-1) from the catchments were calculated as the product of measured catchment dis-
charge and ion concentrations. Output fluxes of N were calculated as a sum of total 
inorganic nitrogen (TIN = NO3 + NH4). Annual runoff water element fluxes were 
calculated by summing mean monthly fluxes, obtained from monthly mean water 
flux and monthly mean solute concentration.
In order to quantify retention/release of sulphur and nitrogen in the catchment, a 
percent net export (pne) was calculated. The percent net export is defined as: pne = 
(output-deposition)100/deposition. Positive pne values indicate release and negative 
pne values indicate retention in the catchment.
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2.3  
Results and discussion
Large differences in the deposition of S and N compounds can be observed between 
the different sites, with the lowest values at sites in northern regions (Table 2.1, Figure 
2.1). This reflects well-known gradients in European emissions and deposition of air 
pollutants. For bulk deposition, NO3 + NH4 deposition generally clearly exceeded 
SO4 deposition on an equivalent basis. The relative importance of the N deposition 
generally has increased in more southern regions (Forsius et al. 2005). At most sites, 
throughfall deposition of N was lower than the bulk deposition, indicating canopy 
uptake (Table 2.1).
Table 2.1 Mean deposition (bulk, throughfall and total) of sulphur (SO4) and total inorganic nitro-
gen (TIN = NO3 + NH4) at ICP IM sites in 1995-2010. 
Site SO4 (BD) SO4 (TF) SO4 (Total) TIN (BD) TIN (TF) TIN (Total)
(meq m-2 a-1) (meq m-2 a-1)
CZ01 32 74 64 68 107 68
CZ02 36 80 80 69 58 69
DE01 29 35 35 71 65 71
EE02 27 39 35 32 27 32
FI01 13 26 21 20 11 20
FI03 12 15 13 15 13 15
IT01 21 23 23 51 43 51
LT01 25 26 24 41 28 41
LT03 31 78 74 57 56 57
LV01 23 39 31 46 54 46
LV02 24 29 27 47 34 47
NO01 50 60 58 90 62 90
NO02 18 16 18 17 13 17
SE04 36 62 53 67 62 67
SE14 25 23 24 52 18 52
SE15 20 26 25 37 17 37
SE16 11 9 10 18 9 18
Figure 2.1 Total deposition (input, meq m-2 a-1) and runoff water fluxes (output, meq m-2 a-1), and percent net export 
(pne, %) of sulphur and total inorganic nitrogen TIN (NO3 + NH4) in selected IM catchments in 1990-2010.
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Figure 2.1 (continued). Total deposition (input, meq m-2 a-1) and runoff water fluxes (output, meq m-2 a-1), and percent net export 
(pne, %) of sulphur and total inorganic nitrogen TIN (NO3 + NH4) in selected IM catchments in 1990-2010.
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Figure 2.1 (continued). Total deposition (input, meq m-2 a-1) and runoff water fluxes (output, meq m-2 a-1), and percent net export 
(pne, %) of sulphur and total inorganic nitrogen TIN (NO3 + NH4) in selected IM catchments in 1990-2010.
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Figure 2.1 (continued). Total deposition (input, meq m-2 a-1) and runoff water fluxes (output, meq m-2 a-1), and percent net export 
(pne, %) of sulphur and total inorganic nitrogen TIN (NO3 + NH4) in selected IM catchments in 1990-2010.
0
50
100
150
200
S dep S out
0
20
40
60
80
100
N dep TIN out
-100
0
100
200
300
400
500
600
700
TIN pne S pneLV01
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
29The Finnish Environment  28 | 2012
0
50
100
150
200
S dep S out
0
50
100
150
200
N dep TIN out
-100
-50
0
50
100
150
TIN pne S pneSE04
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
0
 
20
 
40
 
60
 
80
 
 
           
S dep S out 
0
20
40
60
80
100
 
 
 
 
 
 
           
N dep TIN out 
-100 
-50 
0 
50 
100 
150 
200 
250 
           
TIN pne S pne SE14
100
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
0
20
40
60
80
100
S dep S out
0
20
40
60
80
100
N dep TIN out
-100
-50
0
50
100
150
200
250
300
TIN pne S pneSE15
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
0
10
20
30
40
50
S dep S out
0
10
20
30
40
50
N dep TIN out
-100
-50
0
50
100
150
200
TIN pne S pne
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10 19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
SE16
Figure 2.1 (continued). Total deposition (input, meq m-2 a-1) and runoff water fluxes (output, meq m-2 a-1), and percent net export 
(pne, %) of sulphur and total inorganic nitrogen TIN (NO3 + NH4) in selected IM catchments in 1990-2010.
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Figure 2.2 Percentiles (25%, median 50%, 75%) of percent net export (pne, %) of sulphur and nitrogen for the IM sites CZ01, 
CZ02, FI01, FI03, NO01, NO02, SE04 in 1990-2009 (a) and for the sites CZ01, CZ02, EE02, FI01, FI03, IT01, LT01, LT03, 
LV01, LV02, NO01, NO02, SE04, SE14, SE15, SE16 in 2000-2009 (b).
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Estimated SO4 budgets indicated a release of previously stored SO4 at most sites, 
particularly during the 2000s (Figure 2.2). This process is clearly seen e.g. at the sites 
CZ01 and CZ02, which have been exposed to high sulphur deposition (> 150 meq m-2 
a-1) in the early 1990s, but have also been subjected to drastic decrease of S deposition 
during the 1990s (Table 2.1, Figure 2.1). A net release of stored SO4 is considered to act 
as a H+ source at many IM sites (Forsius et al. 2005). These results are consistent with 
budget calculations for a number of other studies from European forested catchments 
(de Vries et al. 2001, 2003, Prechtel et al. 2001). These studies and results on ICP IM 
network thus indicate that forest soils are now releasing S that had accumulated in the 
past. Decreasing trends in both deposition and leaching of S are commonly observed 
at the ICP IM sites (Forsius et al. 2001, Kleemola 2005, Kleemola and Forsius 2006, 
Vuorenmaa et al. 2009). Several processes, including desorption and excess minerali-
sation, regulate the long-term response of soil S, and a differentiation is necessary for 
predictions of future responses (Markewitz et al. 1998, Prechtel et al. 2001). 
31The Finnish Environment  28 | 2012
Nitrogen is generally the growth-limiting nutrient in forest ecosystems, and the 
uptake of available N compounds is efficient. In contrast to sulphur, nitrogen deposi-
tion is usually retained in boreal terrestrial ecosystems; typically < 10% is leached in 
runoff, mostly as NO3. Nitrate is a strong acid anion and can acidify soil and water 
like SO4 (e.g. Wright et al. 2005). The percent net export (pne) of nitrogen has generally 
ranged between -97% and -90% at the studied IM sites during the 2000s (Figure 2.2), 
indicating a strong retention of N in the catchment. Although nitrogen has played a 
minor role in the acidification in the past, its relative importance is increasing because 
N emissions have decreased much less than sulphur emissions. The role of nitrate 
as an acidifying agent may increase, when continued high nitrogen deposition may 
result in N-saturation of terrestrial ecosystems, and excess NO3 leach to surface waters 
(e.g. Aber et al. 1989, Dise and Wright 1995, Macdonald et al. 2002, Oulehle et al. 2012). 
During the past 20-30 years, there are no signs of widespread regional increases in 
nitrate concentrations in sensitive freshwaters in Europe. However, nitrogen contin-
ues to accumulate in catchment soils and vegetation. N-saturation may thus require 
many decades to occur, at least at levels of N deposition typical for Europe (Wright 
et al. 2001).
Although the effects of anthropogenic nitrogen inputs on the dynamics of inor-
ganic N in watersheds have been studied extensively, the influence of N enrichment 
on organic N loss is not as well understood (Pellerin et al. 2006). Studies comparing 
dissolved organic nitrogen (DON) losses from old-growth forests have reported that 
DON may account for 60–95% of total dissolved nitrogen (TDN) losses from minimal-
ly disturbed watersheds (Perakis and Hedin 2002, Van Breeman 2002). Similar results 
were observed in the IM catchments (Figure 2.3). Part of this DON may decompose 
in the downstream surface waters or sea areas (releasing inorganic N compounds) 
and may thus contribute to detrimental N effects. The DON leaching is therefore 
receiving increasing attention. The effects of elevated N loading on watershed DON 
loss likely vary with the type and magnitude of human disturbance, as well as inher-
ent ecosystem characteristics. In forested watersheds, there is conflicting evidence 
of the effects of N enrichment on DON production in soils. Plot-scale inorganic N 
fertilization studies have reported increased DON concentrations in both the forest 
floor (McDowell et al. 2004) and mineral soils (Pregitzer et al. 2004). However, other 
Figure 2.3 Mean annual fluxes (kg ha-1 a-1) of total nitrogen (tot N), nitrate 
(NO3) and ammonium (NH4) for the IM catchments FI01, FI03, NO01, NO02 
and SE04 in 1997-2009. Ammonium-nitrogen is not measured at the sites 
NO01 and NO02.
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studies have shown no clear increase in DON fluxes or concentrations from forest soil 
plots with increased N fertilization (Raastad and Mulder 1998, Gundersen et al. 1998, 
Hagedorn et al. 2001, Pilkington et al. 2005). Pellerin et al. (2006) compiled data set of 
348 watersheds showing that in forested watersheds surface water DON concentra-
tions were not strongly correlated with N loading. Although this finding suggests that 
N deposition has little impact on DON dynamics, an alternative explanation for the 
lack of correlation is that abiotic and biotic factors ultimately limit the loss of DON 
from watersheds (Pellerin et al. 2006).  Climate change impacts on mineralization of 
organic nitrogen and leaching of organic matter, and potential risk for elevated N loss 
from watersheds to surface waters is anticipated in the future. 
Environmental factors other than air pollutants - so-called ’confounding factors’ 
- may largely affect the ecosystem behavior (e.g. de Wit et al. 2007). Spruce forest 
stands at site DE01 were exposed to bark beetle infestation in 1996-1997, and resulted 
in forest dieback in the area: by 2003, the total area share of spruce stands fell about 
30% (Beudert et al. 2007). The rapid change in the vegetation cover caused dramatic 
biogeochemical changes on catchment scale, e.g. resulted in increased leaching of 
nitrogen due to excess mineralization (Figure 2.1) (Beudert et al. 2007). Storminess 
and insect pests are anticipated to increase in the future due to climate change, and 
may have a large impact on terrestrial and aquatic ecosystems. In general, many of 
S and N retention/release processes are sensitive to changes in climatic variables, 
and would therefore be affected by future climate changes (e.g. Wright et al. 1998, 
Benčoková et al. 2011).
Concluding remarks
The more efficient retention of N than S results in generally higher leaching fluxes of 
SO4 than those of NO3 in European forested ecosystems. Sulphate thus remains the 
dominant source of actual soil acidification despite the generally lower input of S 
than N. Continued work on processes regulating both N and S retention and release 
in terrestrial ecosystems is therefore needed. This would be important for assessing 
the effects of emission reductions on acidification recovery as well as other N pollu-
tion problems in semi-natural ecosystems. Many of these S and N retention processes 
are also sensitive to changes in climatic variables, and would therefore be affected by 
future climate changes.
The next phase of the work on mass balances of S and N for IM sites will involve 
updating and revision of data, and assessment of trends in fluxes. An effort will also be 
made to derive the role of organic nitrogen in mass balance budget. A new assessment 
will be reported, and scientific paper will be published. The national focal points and 
the representatives for the sites will be invited to assist with these activities.
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3.1  
Introduction
The ICP IM programme is monitoring effects of atmospheric deposition on ecosys-
tems. This UN based programme was initiated in 1989 under the Convention on 
Long-range Transboundary Air Pollution (CLRTAP) from 1979. The main aim is to 
collect biogeochemical data from small catchments that are representative for the 
major vegetation types in each participating country. The IM programme is divided 
into different sub-programmes focusing on different ecological compartments. The 
monitoring amounts to integrate data from the sub-programmes and to assess pos-
sible impacts of air pollutants on different parts of the ecosystem.
This report presents 1) a summary of a comprehensive review of results gained 
from the vegetation sub-programmes of ICP IM and 2) a data analysis of the rela-
tionship between changes in abundance of forest floor species and Nitrogen Critical 
Load exceedance.
3.2  
Review of results of the biological 
sub-programmes in IM
This section summarises a review (Bergander et al. 2011) of reported results from 
the biological sub-programmes in IM. The review was based on available white and 
grey articles and reports written in English. The review includes the sub-programmes 
Trunk epiphytes (EP), Aerial green algae (AE), Understory vegetation and trees on 
intensive plots (VG) and Vegetation structure and species cover (VS), since the start of 
the ICP IM programme. The number of studies from the vegetation sub-programmes 
varied greatly between countries, and only 7 out of 16 nations had published reports 
or articles on vegetation studies. 
An IM site must fulfil a number of geographical, vegetational and depositional 
requirements and should be representative for the major ecosystems in the country. 
In most cases the member states have found suitable areas to monitor, but some areas 
do not follow all the requirements of the IM programme. For example, some have 
several lakes or catchments (e.g. Hietajärvi in Finland, Bergström 1995), others are 
affected by anthropogenic activities such as tending felling, clear-cutting (Šeda 2001) 
wood-collection or pasture (Anonymous 1993). 
Lichen studies have been performed using different methods. Finland has used 
different techniques; including the tape method (Vuoskojärvi and Pesosjärvi), moni-
toring on Pinus sylvestris (Kokko et al. 2001) and Picea abies (Airaksinen et al. 1989), 
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and a special mountain birch programme (Kokko et al. 2002). In Czech Republic five 
tree species were studied with respect to lichens. Sweden monitored lichens on both 
Pinus sylvestris and Picea abies using the point frequency method (Bråkenhielm and 
Qinghong 1995c, Qinghong and Bråkenhielm 1995). A general result of the studies 
made on lichens and algae is that the two groups are affected by many factors apart 
from air pollution, something that has been a complication in many analyses. Geog-
raphy, climate and growing season may also affect lichen occurrence and abundance. 
Qinghong and Bråkenhielm (1995) argue that algae may be a good indicator for air 
pollution in Sweden. This was later supported by Grandin (2011). In the Czech Re-
public, the deposition of S had decreased since the 1980s, but the lichen community 
has not recovered (Anděl 2001). At the Austrian IM site, lichen diversity increased 
until 2005 (Dirnböck and Mirtl 2009) and decreased drastically thereafter (unpub-
lished data), whereas lichen coverage decreased over the entire observation period. 
Both species sensitive to acidification and eutrophication decreased. Despite very 
low levels of deposition at the Spanish IM site, temporal trends were clear indicating 
decreasing light and increasing nitrogen deposition (Anonymous 2009). The Italian 
lichen monitoring at the IM site comprised between 10 and 20 % of the local lichen 
flora (Nascimbene 2006).
For understory vegetation, the basic principle of sampling is similar, though there 
are slight differences between countries: an intensive plot is established which is 
subdivided into squares. In these squares 0.25-1 m² sample plots are distributed ran-
domly (VG). However, changes and adaptations have been made in some countries. 
In addition ~100 m² vegetation plots are distributed either regularly or randomly in 
the entire catchment (VS). The VG and VS sub-programmes have been used to study 
temporal changes in understory vegetation and to see whether the changes are cor-
related with N and S deposition. The results do not show an univocal trend over 
Europe, and regional variations are common. In Austria, Ellenberg indices were cor-
related to N deposition (Hülber et al. 2008). On the other hand, bryophytes remained 
rather unaffected (Zechmeister 2007). N deposition may also have consequences for 
the regeneration of overstorey vegetation. High N deposition at the Austrian IM 
site correlated with the growth of herbs and grasses which was compared with tree 
growth (Diwold et al. 2010). In northern Europe, no significant direct effects of N and 
S deposition on vegetation have been found. (Kokko et al. 2002, Bråkenhielm and 
Qinghong 1995b, Qinghong and Bråkenhielm 1996).
3.3  
Correlation of long-term trends in 
vegetation with CL exceedance
Long-term data of understorey vegetation has been compiled during the last two 
years to compare trends with nitrogen CL exceedance (Bergander et al. 2011).
In total 30 sites with available long-term vegetation data and measurements to 
calculate the Critical Loads (climate, deposition, soil type and drainage) were used 
for the analysis. These sites include five ICP Forests sites and one site from Germany 
not belonging to any ICP. Many of the sites are part of LTER Europe for which the 
data was collected in the frame of the Life+ Project EnvEurope. The data covers the 
entire north-to south gradient of Europe with a wide range of forest types from Taiga 
to Mediterranean (Figure 3.1). Deposition of inorganic nitrogen ranges from 1 to 36 kg 
N ha-1 year-1. Vegetation records span time frames of 8-25 years for small scale plots 
(0.25-4 m²) and 10-42 years for larger plots (100-200m²) (Table 3.1).
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The analysis compares significant long-term changes in cover of single species 
with nitrogen deposition and empirical Critical load exceedance. Generalized linear 
mixed models with binomial error distribution were used. Median species cover per 
intensive plot or estimated species cover of the larger plots was the response and 
observation year the independent variable (the fixed effect), which was nested within 
ICP IM site (the random effect). Nesting was done because we assume that species 
cover changes within an IM site are more similar than changes between sites. The 
resulting coefficients reflect changes of single species cover in the entire data set as 
well as within each IM sites. A significance value of 0.05 was taken as a threshold for 
non-random changes. Ellenberg indicator values for species optimum along a nutrient 
gradient were used to investigate if the observed changes were related to the nutrient 
preferences of the studied species, i.e. if species adapted to high nutrient availability 
Figure 3.1 Distribution of sites across Europe.
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Table 3.1 Overview of the sites used for analyses.
Programme Country Name Area 
code
Sice of 
study 
area 
[ha]
Annual 
mean 
temp 
[°C]
Prec 
[mm]
*CCE dep 
1995 
[kg ha-1 year-1]
ICP IM, LTER Austria LTER Zöbelboden AT01 90 7.2 1618 21.2
ICP Forests Unterpullendorf AT02 0.5 9.6 630 19.7
ICP Forests, LTER Klausen- 
Leopoldsdorf
AT09 0.5 8.2 804 20.1
ICP Forests Mondsee AT11 0.5 8.1 1521 23.6
ICP Forests Mürzzuschlag AT15 0.5 6.0 933 20.3
ICP Forests Murau AT16 0.5 5.0 918 12
ICP Forests Jochberg AT17 0.5 5.7 1358 20.6
ICP IM, LTER Finland Valkea-Kotinen FI01 30 3.1 637 6
ICP IM, LTER Hietajärvi   FI03 464 2 622 3.6
ICP IM, LTER Pesosjärvi        FI04 630 -0.5 477 2.5
ICP IM, LTER Vuoskojärvi FI05 178 -1.9 358 0.9
ICP IM Germany Forellenbach DE01 68.8 5.6 1279 24.4
- Echinger Lohe EL 24 9 800 30.8
ICP IM, LTER Italy Passo Lavaze        IT03 0.5 6 922 26.7
ICP IM, LTER Selva Piana IT05 0.5 10 - 17.8
ICP IM, LTER Piano Limina IT06 0.5 11 1850 9.7
ICP IM Carrega  IT07 0.5 12 822 30.6
ICP IM Brasimone IT08 0.5 10 1641 28.9
ICP IM, LTER Monte Rufeno IT09 0.5 12 1048 13.9
ICP IM, LTER Val Masino IT10 0.5 8 1336 18.2
ICP IM Roti IT11 0.5 11 - 16.1
ICP IM, LTER Colognole IT12 0.5 15 956 16.7
ICP IM La Thuile IT13 0.5 6 - 19.6
ICP Forests, LTER Poland Brenna Brenna 50 8.1 947 20.1
ICP Forests, LTER Słowiński National 
Park
SNP 6.3 9 669 13.7
ICP Forests, LTER Tatrzański  
National Park
TPN 3.25 5.1 1100 18.9
ICP IM, LTER Sweden Gårdsjön F1    SE04 3.7 6.7 1330 13.8
ICP IM, LTER Aneboda SE14 19.6 5.8 880 10.8
ICP IM, LTER Kindla SE15 19 4.2 970 8
ICP IM, LTER Gammtratten SE16 43 1.2 670 3
*modelled inorganic N deposition in forests of the Coordination Centre of Effects (CCE) for the year 1995
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have increased and those adapted to nutrient poor conditions have decreased. In a 
second step we compared single species trends within sites with the empirical CL 
exceedance of these sites. The hypothesis behind is that the higher CL exceedance 
the more increases by N-demanding species and decreases by N escaping species. 
Empirical Critical Loads were taken from Bobbink and Hetteling (2011). Inorganic N 
deposition to forests was provided by the Coordination Centre of Effects (CCE) for 
the year 1995, a reference year, roughly in the middle of the vegetation observations.
The results do not give a very clear indication that nitrogen deposition is affecting 
long-term trends of forest floor vegetation. Out of tested 948 forest floor species, 254 
showed a significant positive or negative time trend. Of these species, 141 decreased 
and 113 increased their plot cover. However, weather a species increased or decreased 
was not related to their nutrient preferences according to Ellenberg (Figure 3.2). 
Neither did other Ellenberg indicator values (light, moisture, temperature) show 
any strong relationships with the calculated temporal trends. A possible explanation 
might be that, depending on the region, different environmental or management 
changes prevail so that no single cause is responsible for the overall changes. This 
explanation is supported by the fact that the variation of species cover trends within 
single sites is highly variable even when the site specific Critical Load is not exceeded 
(Figure 3.3). Nevertheless, the variation of species cover changes seemed to be highest 
in sites with a considerable exceedance of 5-15 kg N ha-1 year-1 (Figure 3.3), indicat-
ing that nitrogen deposition had an observable effect. Interestingly, the variation 
decreased again in sites with an even higher exceedance (>15 kg N ha-1 year-1) where a 
high N deposition should have caused the maximum changes of species abundances. 
Either this is an artifact due to the low number of sites with such a high exceedance of 
the critical load or the vegetation of these sites has been changing before the observa-
tions started as a consequence of high loads of N at this time. 
Figure 3.2 Comparison of increasing (positive values at the y-axis) and decreasing (negative values 
at the y-axis) cover of forest floor species across Europe with their nutrient preferences (the 
higher the Ellenberg N value the more a species prefers nutrient-rich soils). Only species with a 
significant time trend are used (p-value < 0.05). The full line is a running mean through the data.
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3.4  
Conclusions
The aim of the ICP IM programme is to detect changes in terrestrial ecosystems that 
are caused by atmospheric deposition of pollutants. Effects of elevated nitrogen depo-
sition on nitrate leaching have recently been demonstrated using IM data. It was also 
shown that Critical Loads are appropriate risk assessment measures (Holmberg et al. 
submitted). The logical step forward is to look for such effects in the biological obser-
vations. We have started by looking at the response of single species and found some, 
but not strong, indications of effects of nitrogen deposition on species performance. 
Summing up the results of single site studies and the overall assessment of long-term 
forest floor data it seems inherently difficult to filter out the single effect of nitrogen 
deposition. For further exploration of this unique data set we will look at changes at 
the plant community level followed by an analysis of biodiversity changes. We expect 
that these additional analyses will lead to a more conclusive picture regarding effects 
by N deposition on forest floor vegetation.
Figure 3.3 Comparison of increasing (positive values at the y-axis) and decreasing (negative values 
at the y-axis) cover of forest floor species within sites in Europe with the exceedance of empirical 
nitrogen Critical Loads.
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4.1  
Introduction
Dynamic soil-vegetation models are useful tools to study how ecosystems respond 
to increasing or decreasing deposition, warming climate or changes in the annual 
or seasonal precipitation amounts. The objectives of the ICP IM programme and the 
extensive data collection efforts of the programme are well suited to facilitate the ap-
plication of dynamic models. This progress report compiles the first outline of data 
needs and data availability for dynamic modelling at ICP IM sites.
4.2  
Dynamic model VSD+
The Very Simple Dynamic model VSD (Posch and Reinds 2009) simulates soil solu-
tion chemistry and soil nitrogen pools for (semi-) natural ecosystems. The model 
was developed as the simplest extension of steady-state models for critical load 
calculations. It requires only a minimum set of inputs compared to more complex 
soil process models.VSD has been widely used to simulate acidification of soils and 
to analyze impacts of deposition scenarios to support the effects-based work under 
the LRTAP Convention (Hettelingh et al. 2007). An extension of VSD, called VSD+, 
includes organic C and N dynamics (Bonten et al. 2012). The Studio-version of the 
VSD+ provides a feature that enables running the VEG model (Belyazid et al. 2006, 
2011) subsequently to VSD+. The model is designed to support the effects-based work 
under the LRTAP Convention and it is made available at the website of the Coordi-
nation Centre for Effects (CCE 2012). Another vegetation model linked to VSD+ is 
BERN (Schlütow et al. 2010), which combination has been used for example for 16 
ICP Forest Level II plots in Germany (Nagel et al. 2011).  
4.3  
Data available for dynamic modelling
This report describes in broad terms the data available for dynamic modelling at the 
ICP IM sites. The IM database was queried for information on the Soil Chemistry 
(SC) and Soil Water Chemistry (SW) subprogrammes. The queries were restricted 
to those IM sites for which there are vegetation data available. The vegetation data 
43The Finnish Environment  28 | 2012
can either be long-term or single observations. Table 4.1 summarizes the main soil 
parameters needed for the dynamic modelling and Table 4.2 gives information on the 
soil water chemistry observations available for the model application. The main soil 
parameters needed are soil bulk density (BD), cation exchange capacity (CEC), base 
saturation (BS), pool of organic carbon (Cpool), exchangeable acidity (Exch. Acidity) 
and exchangeable aluminium (Exch. Al). In addition to these parameters, the applica-
tion of the VSD+ model requires estimates of litterfall of base cation, weathering and 
base cation uptake by the vegetation as well as litterfall and uptake by vegetation of 
N and C. Standard forest inventory data is used together with the so called GrowUp 
model to derive time trends of the latter parameters. Missing bulk density values 
and weathering parameters can be estimated using formulae given in the Mapping 
Manual (UBA 2004). The main soil water chemistry observations needed are pH and 
the concentrations of SO4, NO3, base cations, chloride and aluminium.
In addition to the data in the IM database, data held by the national institutes are 
also available for model applications. For example, at the Austrian site Zöbelboden, 
the VSD+Veg model has already been used (Obersteiner and Dirnböck 2011). The 
model has also been applied to ICP Forest Level II sites in Germany (Nagel 2011),Po-
land (Pecka et al. 2011) and Sweden (Moldan et al. 2011). The data and parameters 
needed for the VSD+ soil model application are mainly the same as those used in 
applications of the MAGIC model (Cosby et al. 1985, 2001). MAGIC has been applied 
to IM sites DE01, CZ02, FI03, GB02, NO01, SE02 and SE04 (Jenkins et al. 2003, Krám 
et al. 2001). An earlier model calibration was performed at the IM sites DE01, DK01, 
ES01, FI03, GB02, NO01 and SE04 (Forsius et al. 1998).  Published reports on observa-
tions of data that support the model application are also available, for example the 
Finnish report on forest condition monitoring (Derome and Merilä 2008).
In order to calibrate the model to present day conditions, also observed deposition 
values of base cations (Ca, Mg, K, Na), chloride, sulphate and nitrogen are needed. 
These are available for the IM sites (Vuorenmaa et al. 2012). Deposition in the past 
can also be reconstructed using modeled historical deposition provided by the CCE. 
Deposition for the year 2020 of S and N to the ICP IM sites are available for 6 different 
scenarios (Amann et al. 2010). The NAT2000 scenario represents historic emissions 
for the year 2000 and the COB2020 scenario national economic projections for 2020 
as reported by the countries under the LRTAP Convention. The target ambition is 
reflected in the naming of the scenarios, and thus Low*2020 with lower reductions 
generates more deposition than High*2020. The scenarios are based on economic pro-
jections by the PRIMES model for the year 2020, and MFR2020 assumes all available 
abatement technologies being implemented by 2020. The depositions are available 
for grid cells of the size 50×50 km2.
4.4  
Conclusions
In this first examination, the data on soil chemical parameters and soil solution con-
centrations are appropriate for dynamic modelling with the VSD model at 30 ICP IM 
sites. These sites also hold appropriate vegetation data. The next phase of work, to be 
reported in ICP IM annual report 2013, includes the determination of the parameter 
values and preliminary model applications. 
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Number 
of plots
Data for 
years
BD 
(g cm-3)
CEC
(meq kg-1)
BS Cpool 
(g m-2)
Exch. 
Acidity 
(meq kg-1)
Exch. Al 
(meq kg-1)
DE01 Forellenbach 3 1990 X X X
DK03 Hald Ege 1 1995 X X X
EE01 Vilsandi 1 1994-2010 X
EE02 Saarejärve 2 1994-2010 X X X X X
ES02 Bertiz 1 2010 X X X X X
FI01 Valkea-Kotinen 5 1988 X X X X
FI03 Hietajärvi 4 1988 X X X X
FI04 Pesosjärvi 5 1989 X X X X
FI05 Vuoskojärvi 4 1988 X X X X
IT01 Renon-Ritten 1 1993-2010 X X X X
IT03 Passo Lavazze 1 1993-1995 X X X X X
IT05 Selva Piana 1 1995 X X X X X
IT06 Piano Limina 1 1995 X X X X X
IT07 Carrega 1 1995 X X X X X
IT08 Brasimone 1 1995 X X X X X
IT09 Monte Rufeno 1 1995 X X X X X
IT10 Val Masino 1 1995 X X X X
IT11 Roti 1 1995 X X X X X
IT12 Colognole 1 1995 X X X X X
IT13 La Thuile 1 1995 X X
LT01 Aukstaitija 1 1993-2005 X X X X X
LT02 Dzukija 1 1993 X X X X X
LT03 Zemaitija 1 1994-2005 X X X X X
LV01 Rucava 2 1994-2003 X X X X X X
LV02 Zoseni 1 1994-2003 X X X X
NO01 Birkenes 1 1986 X X
NO02 Kårvatn 1 1989 X X X
SE01 Tiveden 1 1982-1999 X X X
SE02 Berg 1 1982-1999 X X X X X
SE03 Reivo 1 1988
SE04 Gårdsjön F1 1 1995 X X X X X X
SE15 Kindla 1 1997 X X X
Table 4.1 ICP IM data from SC programme available for application of VSD+ soil dynamic model. Observations of soil 
properties (X means data available).
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Table 4.2 ICP IM data from SW programme available for application of VSD+ soil dynamic model. Observations of 
soil solution properties (X means data available).
Data for 
years
pH SO4-S
(mg L-1)
NO3-N
(mg L-1)
BC 
(=Ca+Mg+K)
Cl
(mg L-1)
Al
(μg L-1)
AT01 Zöbelboden 1993-2010 X X X X X X
DE01 Forellenbach 1992-2010 X X X X X X
DK03 Hald Ege 1999-2000 X X X X X X
EE01 Vilsandi 1999-2010 X X X X X X
EE02 Saarejärve 1999-2010 X X X X X X
ES02 Bertiz 2007-2010 X X X X X X
FI01 Valkea-Kotinen 1989-2001 X X X X X X
FI03 Hietajärvi 1989-2001 X X X X X X
FI04 Pesosjärvi 1989-2001 X X X X X X
FI05 Vuoskojärvi 1989-1996 X X X X X X
IT01 Renon-Ritten 1989-2010 X X X X X
IT03 Passo Lavazze 1994-2007 X X X X X
IT05 Selva Piana 2002-2008 X X X X X
IT08 Brasimone 2006 X X X X X
IT09 Monte Rufeno 2002-2008 X X X X X
IT10 Val Masino  2005-2007 X X X X X X
LT01 Aukstaitija 1993-2010 X X X X X X
LT02 Dzukija 1994-1998 X X X X X
LT03 Zemaitija 1995-2010 X X X X X X
LV01 Rucava 1994-2009 X X X X X X
LV02 Zoseni 1994-2009 X X X X X X
NO01 Birkenes 1989-2009 X X X X X X
NO02 Kårvatn 1989-2009 X X X X X X
SE01 Tiveden 1982-1999 X X X X X X
SE02 Berg 1982-1999 X X X X X X
SE03 Reivo 1987-1999 X X X X X X
SE04 Gårdsjön F1 1987-2010 X X X X X X
SE14 Aneboda 1995-2010 X X X X X X
SE15 Kindla 1995-2010 X X X X X X
SE16 Gammtratten 2000-2010 X X X X X X
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Annex 1
Report on ICP IM activities in Austria
Thomas Dirnböck, Maria-Theresia Grabner, Johannes Kobler
Environment Agency Austria, Department for Ecosystem Research and Monitoring 
e-mail: thomas.dirnboeck@umweltbundesamt.at
Austria runs one ICP IM site (Zöbelboden) since the year 1992, which is located in 
the Northern Limestone Alps. Most monitoring subprogrammes continued although 
some of the measurements had to be reduced owing to financial reasons. In 2009, 
analysis intervals for elements in deposition and soil water were extended from two 
weeks to four weeks. Heavy metal analyses were completed by 2009. During 2011 
LTER Zöbelboden became a core site for ICP Modelling and Mapping activities in 
Austria, particularly with regard to dynamic soil-vegetation-modelling. The Austrian 
NFP is leading the biodiversity data assessment of the ICP IM network. In recent 
years ICP IM Zöbelboden has been increasingly used for research projects. Today the 
Zöbelboden is a core site of LTER Austria, a part of LTER Europe and involved in a 
series of EU funded projects (FP6-ALTER-Net, FP7-EBONE, Life+-EnvEurope) and 
EU infrastructure developments such as EXPEER. 
Core activities during 2011 apart from the standard monitoring 
•	 Statistical	assessment	of	eutrophication	effects	on	biodiversity	with	ICP	IM	
network data
•	 Field	work	contribution	to	ALTER-Net	multi	site	experiment
•	 Carbon	respiration	measurements	at	Zöbelboden	and	measurements	of	DOC	
leaching during climate events
•	 Modelling	of	fog	and	cloud	deposition	using	long-term	measurements
•	 Assessment	of	lichen	data
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Annex 2
Report on ICP IM National Activities in Spain
Ricardo Ibáñez1, Esther Lasheras2, Raúl Bermejo2, Jesús Miguel Santamaría2
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2 University of Navarre, Laboratorio Integrado de Calidad Ambiental, Irunlarrea 1, 31008 
Pamplona, Spain, e-mail: chusmi@unav.es
The ICP IM activities at Bertiz ES02 catchment have continued uninterrupted since 
2007. Additionally, the following complementary activities were completed or started 
during 2011 and the first half of 2012:
1  Importance of habitat heterogeneity and biotic processes in the spatial 
distribution of a riparian herb (Carex remota L.): a point process approach
The study was started as a complementary activity to the ICP IM vegetation subpro-
grammes, which would focus on the relationship between environmental variables 
and the structure of vegetation. It was part of the PhD Thesis of Dr. Jaime Uria. Carex 
remota was selected as a species suited for the task. It attempted to understand the de-
pendence on abiotic factors and on the biotic process of the population development. 
We used three spatial point process models (Poisson, Area-Interaction and shot-noise 
Cox processes) in both homogenous and inhomogeneous versions to model the distri-
bution of three Carex remota cohorts in wet zones of a temperate forest in the north of 
Spain. The cohorts studied were adults and seedlings born in two consecutive years. 
With the use of these models we are able to simulate separately and jointly the effect 
on plant distribution of a homogeneous or heterogeneous habitat, and the absence 
or presence of some biotic processes, as seed dispersal and/or density-dependent 
interactions. The result of the bivariate function analysis did not reveal sufficient 
evidence, but suggested a weak positive relation between adults and seedlings that 
survived a dry period in the first summer. Models from the three cohorts showed a 
decreasing degree of clustering from seedlings to adults. Besides, the results showed 
that the importance of the main factors that explain the population structure changes 
along the development of Carex stages. Compared to seedlings, the adults pattern 
shows an increasing dependence on abiotic factors.
The spatial distribution of adults is more determined by abiotic conditions, such as 
high values of soil moisture, that seem to be more important than density-dependent 
processes for predicting the fate of individuals. Although the spatial structure of 
adults is a result of dynamic changes, including seedling germination, seedling death 
and establishment, the inhomogeneous Area-Interaction model was able to charac-
terize the adult interactions. The observed spatial structures still reflect a degree of 
clustering that could be related to scarce available sites. Mature individuals are good 
indicators of environmental habitat quality, because they have undergone excessive 
thinning and are expected to have exploited all available sites (Hewitt et al. 2007). 
In comparison, the spatial pattern observed in adults is more determined by abiotic 
factors (45%) than spatial patterns of seedlings are (11% in 2010 and 17% in 2009). 
The dispersal strategy should leave a signature in the spatial pattern of Carex remota, 
both in the clustering of seedlings (Getzin et al. 2008) and in the spatial seedling-adult 
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Figure 1  Observed and simulated realizations using different point process models for adults: 
(a) Observed pattern. (b) HPP with parameter k = 1.074 m-2. (c) IPP with parameters for the conditional 
intensity: intercept = -3.9116, b1 = -0.0685 for soil moisture in February. (d) HAIP with parameter g = 
0.0607, r = 0.54 m, c = 81.28. (e) IAIP with parameters for the conditional intensity: intercept = -4.2502, 
b1 = 0.0126 for soil moisture in February, r = 0.68 m, c = 131.54. (f) HMCIIP with parameter a = 1.0742, 
j = 0.0067. (g) IMCIIP with parameter intercept = -5.3781, b1 = 0.0372 for soil resistance, b2 = -4.7778 for 
indirect radiation, j = 0.5130, with a variance decomposition 
Z = 3.9684, R2 = 0.2063. 
Source: Uria-Díez, J., Ibañez, R. Mateu, J. 2011. Importance of habitat heterogeneity and biotic processes in 
the spatial distribution of a riparian herb (Carex remota L.): a point process approach. Stochastic Environ-
mental Research and Risk Assessment (2012). DOI: 10.1007/s00477-012-0569-x.
 
association (Ribbens et al. 1994). In conclusion, the importance of the main factors 
that explain the population structure changes along the development of individuals 
with an increase of the importance of abiotic factors and a decrease of the aggrega-
tion of individuals.
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2  Characterization of the soils in a forest system: study of the 
metallic contaminants and their dynamic in the edafic system
The study focused on the assessment of the pollutant deposition effects on the soils 
in Bertiz ES02 catchment. It constituted the PhD Thesis of Dr. Delia Rodríguez. A first 
phase of the study characterised and classified the spatial distribution of soils within 
the catchment. These relatively acidic soils, with low mineral evolution and cation 
exchange capacity, base-desaturated, and with little organic matter, were identified 
as alisols and cambisols. 
Their concentrations of heavy metals and their background levels (Fernández et al. 
2002) were also determined as described in González-Miqueo et al. (2009). The enrich-
ment factor (Buat-Menard and Chesselet 1979, Sutherland 2000), the geoaccumulation 
index (Loska et al. 2003, 2004), and the contamination factor (Loska et al. 2003, 2004), 
were used to assess potential pollution levels in relation to these elements. At first 
these comparisons did not provide consistent data, but their effectiveness increases 
when the geochemical composition of the local bedrock was used as reference and 
minor evidence of pollution was found for all the studied elements. A contribution 
of air deposition was detected in the case of As, Cr, Cd, Hg, and Pb, but since Cr and 
As had a marked lithogenic component inherited from the chemical composition of 
bedrock and the enrichment levels were low, it became difficult to draw any conclu-
sion on potential sources for these elements.
Finally, whole profile samples of the studied soils were confined in percolation col-
umns in the laboratory. A solution that contained a concentration of heavy metals four 
times higher than those levels found in throughfall deposition samples at the site was 
added periodically, mimicking the yearly amount of rain typically registered in Bertiz 
ES02; the leachate from the column was collected and analysed. The distribution coef-
ficients (Anderson and Christensen 1988, Alloway 1990) revealed that the mobility of 
heavy metals in atmospheric deposition is high, and that additionally removal or loss 
of some toxic elements took place. This finding suggests that the water system would 
be more affected as a result of an increase in the air pollution of this area.
3  Ozone uptake assessment in beech trees at Bertiz ES02
Current concentrations of tropospheric O3 are regarded as a threat to ecosystems (EEA 
2007). Ample evidence on the deleterious effect on forest trees has been recorded to 
date (Matyssek and Sanderman 2003, Witting et al. 2009). In order to assess the risk 
of O3 damage on these types of receptors, critical levels have been defined under the 
CLRTAP framework following the effects-based approach. New critical loads that 
consider the O3 flux into the leaves have been proposed recently (UNECE 2004/2006) 
to the detriment of those based on exposure to O3 (i.e. AOT40), since it has been ac-
knowledged that it is uptake rather than exposure that drives damage (Gerosa et al. 
2008, Baumgarten et al. 2009).
A number of beech trees within the ES02 catchment were fitted with sap flow 
sensors (EMS Brno, Czech Republic) in March 2012 in order to derive the evolution 
of the stomatal conductance of the canopy during the growing season. Additionally, 
several soil and meteorological parameters, along with ozone concentrations, are be-
ing monitored continuously at the site. The obtained data will be used to estimate the 
O3 uptake of the monitored trees and the results contrasted to those yield by DO3SE, 
a dry deposition model that estimates O3 uptake from temperature, vapour pressure 
deficit, light and soil moisture data, according to the UNECE LRTAP methodologies 
for effects-based risk assessment (Emberson et al. 2000). The study will supply valu-
able data from a geographical area with scarce information on this aspect and will 
also contribute to the validation of the model with data from mature trees growing 
in wild conditions.
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4  Polycyclic Aromatic Hydrocarbons (PAHs) in remote bulk 
and throughfall deposition: seasonal and spatial trends
Polycyclic aromatic hydrocarbons (PAHs) were measured in atmospheric deposi-
tion at Bertiz ES02 site over a period of one year (June 2010 – May 2011). Total PAH 
deposition was evaluated monthly by combining samples collected over two-week 
periods, using 6 throughfall and 2 bulk precipitation collectors distributed over the 
study area. The latter consisted of glass funnels (with vertical sides) attached to Pyrex 
glass bottles. PAH determination was performed by liquid-liquid extractions and 
analysis by high-performance liquid chromatography associated with fluorescence 
detection. Throughfall deposition revealed a loss under the canopy of 12% of the 
total atmospheric PAH deposition due to precipitation interception. Spatial vari-
ability between the 6 throughfall collectors reached a maximum of 25% during the 
wet season. Temporal trends showed significant variations of 27 to 54% throughout 
the year. PAH deposition increased during winter, due to higher emissions from 
domestic heating, less photoreactivity of the compounds and intense leaching of the 
atmosphere by wet deposition. Average daily fluxes were estimated for 6 quantified 
PAHs (PHE, ANT, PYR, B(b)F, B(k)F and B(a)P) at 182 ± 27 ng m-2 d-1, which agreed 
with studies previously carried out in other local rural areas. The major compounds 
were phenanthrene and pyrene, both markers of traffic emissions. This study was 
part of the PhD Thesis of Dr. Louise Foan.
Figure 2 Temporal variation of the average daily fluxes of 6 PAHs determined from average 
monthly samples of bulk (a) and throughfall (b) deposition. (The error bars represent the standard 
deviation calculated by studying the spatial variability between the collectors.)
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Introduction
Swedish integrated monitoring programme is run on four sites distributed from south 
central Sweden (SE14 Aneboda) over the middle part (SE15 Kindla), to a northerly 
site (SE16 Gammtratten) representing north Sweden. The long-term monitoring site 
SE04 Gårdsjön F1 is complementary on the inland of the West Coast and has been 
influenced by long-term high deposition loads. The Swedish group now compiled 
results from the four Swedish IM sites for the year 2010. The sites are well-defined 
catchments with mainly coniferous forest stands dominated by bilberry spruce forests 
on glacial till deposited above the highest coastline, meaning no water sorting of the 
soil material. Both climate and deposition gradients coincide with site distribution 
from south towards north (Table 1). Forest stands are mainly over 100 years and at 
least three of them have several hundred years of natural continuity but were up to 
c. 50 years ago partly lightly grazed woodlands. In early 2005, a heavy storm struck 
the Swedish IM site Aneboda, SE14. However, in comparison to the surrounding 
forests this site managed rather well and a rough estimate considered 20-30% of the 
area affected. Results from the 2006 inventory show increased number of logs. In 1996 
the total number of logs in all plots was 317. In the inventory of 2001, this number 
had decreased to 257. In 2006, after the storm, the number of logs increased to 433 
and with a calculation for the whole IM site SE14, this means an increase with 2711 
logs. In later years, 2007-2010, bark beetle, Ips typographus, attacks have almost totally 
erased the old spruce trees.
Table 1 Geographic location and long-term climate at the Swedish IM sites.
SE04 SE14 SE15 SE16
Latitude; Longitude N 58°03 ;´
E 12°01´
N 57°05 ;´ 
E 14°32´
N 59°45 ;´
E 14°54´
N 63°51 ;´
E 18°06´ 
Altitude, m 114-140 210-240 312-415 410-545
Area, ha 3.7 18.9 20.4 45
Mean annual temperature, oC +6.7 +5.8 +4.2 +1.2
Mean annual precipitation, mm 1000 750 900 750
Mean annual evapotransporation, mm 480 470 450 370
Mean annual runoff, mm 520 280 450 380
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In the following, some special conditions and ongoing work for the four Swedish 
IM sites during 2010 to 2012 are presented. A special issue of the Journal Ambio was 
finalised at the end of 2011 and results relate partly to the Ambio articles.
Climate and Hydrology in 2010
Temperature climate for the year 2010 showed a shift for 2009 and 2010 with lower 
annual averages compared to the long-term mean 1961-1990. However, temperatures 
have during several years been higher compared to long-term averages with values 
between + 0.5 °C and 2.1 °C. In 2010, temperatures were lower than long-term aver-
ages by about one degree for the two northern sites and two degrees for the southern 
ones.
Precipitation amounts in 2010 were normal compared to long-term averages with 
the exception of the central Swedish site SE15, Kindla where only c. 80% of normal 
precipitation was reached. Fairly low precipitation occurred in winter while some 
summer months had exceedance.
The characteristic annual hydrological patterns of the catchments are high ground-
water levels during winter and lower levels in summer and early autumn. This pat-
tern should also be reflected in runoff. However, warm periods in winter have during 
a number of years furnished snowmelt and runoff in winter resulting in lower spring 
discharges in the snowmelt period. For 2009 and 2010, this pattern was somewhat 
changed with rather ordinary discharges over the year with low discharge in the 
winter period at all sites. Late summer and autumn peaks occurred and especially at 
the two southern sites autumn runoff was comparably high (Figure 1). 
Runoff in 2010 made up 44-63% of annual precipitation and could be compared 
with an average for previous three years on c. 40-60%. This means mainly higher 
runoff proportions in 2010. High rates occur especially on the west coast Gårdsjön 
(63%) while the three other sites showed similar values of 44-46%. Mainly, the runoff 
could be considered normal at the two northern sites but high at site SE04, Gårdsjön 
(Table 2). 
Table 2 Compilation of the 2010 water balances for the four Swedish IM sites. P – Precipitation, TF 
– Throughfall, I - Interception, R – Water runoff.
Gårdsjön SE04 Aneboda SE14 Kindla SE15 Gammtratten SE16
mm % of P mm % of P mm % of P mm % of P
Bulk precipitation, P 996 100 864 100 729 100 607 100
Throughfall, TF 636 64 633 73 520 71 570 94
Interception, P-TF 360 36 231 27 209 29 37 6
Runoff, R 628 63 381 44 323 44 278 46
P-R 368 37 483 56 406 56 329 54
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Figure 1 Discharge patterns at the Swedish IM sites in 2010 compared to monthly averages for the period 1996 – 2010 (mean).
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Water chemistry
Low ion content characterises the deposition and throughfall for the three inland sites 
(c. 1-2 mS m-1) while sea salt provides higher ion content in the west coast SE04 site 
(4.4 mS m-1 in bulk deposition). Water pathways through the soils of the catchments 
are fairly short and most of the surface water formation depends on short connec-
tions between infiltration and surface water. Acidity in the deposition was mainly the 
same at all sites with slightly higher (0 - 0.1 units) pH in throughfall (TF) compared 
to bulk deposition (BD), though SE04 Gårdsjön site deviated from this, pH in TF was 
0.2 units lower compared to BD. For all areas, pH was 5.0 +/- 0.1 units in BD (Table 
3). This is c. 0.2 units higher than in previous years.
Table 3 Deposition chemistry 2010 for the four Swedish IM sites. S and N in kg ha-1 yr-1.
SE04 SE14 SE15 SE16
pH, bulk deposition 5.1 5.1 5.0 5.0
pH, throughfall 4.9 5.2 5.0 5.1
SO4-S, bulk deposition 3.0 2.6 1.8 1.3
N-tot, bulk deposition 7.6 7.5 4.5 2.2
Chemical reactions during water flow through the catchments buffered the acid 
water fairly little and pH values in the stream water were below 4.8 in the three south-
ern sites while in the northern site SE16 pH in stream water was c. 5.7 with an ANC of 
c. 0.1 meq L-1. At SE14, the pH in stream water was 4.6 compared to bulk deposition 
5.1 and ANC increased  as a consequence of increased DOC (25 mg L-1) and reached 
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about 0.06 meq L-1. Organic anions contribute to positive ANC. In stream water from 
SE15, ANC was negative (c. - 0.002 meq L-1) partly influenced by low DOC (9.6 mg L-1).
In relation to the decrease in sulphur deposition (c. 7 kg ha-1 yr-1 during the period 
1996 to 2010), the increase in pH has been rather small c. 0.4 pH-units. This pattern 
is reflected in the soil water where the three sites in middle and south Sweden show 
small improvements but the northernmost site Gammtratten shows decreased pH, 
however, this site has somewhat higher soil pH. 
In the groundwater, the changes in pH, during recovery from acidification, are not 
as evident as for soil water in the unsaturated zone. On the contrary, several locations 
in the IM sites Aneboda and Kindla show lower pH in the end of the period compared 
to the beginning. During the same period, sulphur has increased probably as a result 
of mineralization of stored sulphur in the organic material. The differences between 
soil water and groundwater are significant (p>0.5). Soil water in the recharge areas 
showed negative ANC but positive in the discharge areas (ANC > 0.01 meq L-1) where 
at the Aneboda and Kindla sites also bicarbonate (HCO3) alkalinity existed.
Heavy metal deposition and runoff were studied in the IM catchments and studies 
are still showing accumulation in the sites. However, the storage of lead and cadmium 
showed decreased concentrations in the organic humus layer from where metals were 
translocated to deeper soil layers. Mercury concentrations, however, continued to 
increase and all sites show much lower runoff compared to deposition.
Special Ambio issue on Swedish Integrated monitoring
In the end of 2011, the special issue* on Integrated monitoring assessments at Swedish 
IM sites was published and included seven articles. The articles focused on recovery 
from acidification, chemical and biological effects on soil, water and vegetation as 
well as model approaches.
Epiphytic algae as an indicator for deposition (Grandin, 2011; in Ambio)
Thanks to the long time series of annual measurements of abundance and colonisa-
tion of algae and lichens on spruce needles concurrently with the pan-European 
decrease in mainly S but also N deposition, we have been able to detect a correlative 
relationship between abundance of algae and deposition (Figure 2). We suggested 
that algae on spruce needles is a possible indicator of mainly S deposition. The lichens 
as a collective group showed weaker relationships, probably due to the grouping of 
all species into one group.
Figure 2 Relationships between algae cover on spruce needles over time, and as a function of S and N deposition. Analyses on each of 
the Swedish IM sites were done separately, and also together. Regressions are significant at the 5 5 level. The northernmost Swedish 
IM site does not have any algae and was not included in the study.
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Ground vegetation stability at the Swedish IM sites (Grandin 2011; in Ambio)
The ground vegetation (mosses, lichens and vascular plants in the field layer) in 
the circular 100 m2 plots have been inventoried twice, with 5 to 14 years separating 
the surveys. We found few signs of directed changes in the species composition. 
The few changes that were detected could not be attributed to any of our available 
environmental or explanatory variables. The only effect that gave significant results 
was a change of bryologist between the two sets of inventories. Both are skilled and 
experienced bryologists, yet did the number of species almost double in the second 
survey as an effect of the dedication shown by the second bryologist. 
We conclude that the Swedish IM sites have a closed canopy creating a microcli-
mate and other both biotic and abiotic conditions that overrule possible effects by 
deposition on the ground layer vegetation. However, the forests have now reached 
an age when natural regeneration in the form of canopy gaps has started and we can 
anticipate a greater floristic variation.
Litterfall decomposition in a gradient over Sweden 
(Bringmark et al. 2011; in Ambio)
Respiration for the forest floor was determined using litter bags containing pine 
needles at 20 sites across Sweden for two periods; i.e. 1987-1989 and 2007-2008. 
Decomposition continued longer and at a fairly stable rate in the north of Sweden 
compared to the southern part. In the south, decomposition rates were high in the 
first two years but then declined to much lower levels. Total decomposition was, 
though, higher in south Sweden. The remaining material at all sites was recalcitrant 
to decomposition.
Recovery from acidification (Löfgren et al. 2011; in Ambio)
A significant decrease in deposition of SO4
2- of 5-25 meq m-2 was observed over the 
period 1996 to 2009. This lower input of sulphate is a prerequisite for recovery from 
acidification since inorganic nitrogen has a negligible effect on acidification at these 
sites. The sites SE14 (south Sweden) and SE15 (middle) showed similar concentration 
patterns with increasing ANC and pH. However, Al decreased and DOC increased 
at SE15. For SE04 in south west Sweden, sea salts mitigated the effect of decreased 
SO4
2-. At SE16, the northern site, acid deposition has been low in years of monitor-
ing, furnishing negligible trends. At all sites, ionic exchange in the near-stream zone 
where organic content is high alters the chemical transport from upslope and should 
be considered in surface water formation.
Acidification Modelling (Köhler et al. 2011; in Ambio)
Simulations using the MAGIC model revealed the importance of cation exchange 
capacity and weathering in controlling rates of recovery from acidification. When 
aluminum solubility and pH in the soil were altered in model runs, there were effects 
on the neutralizing properties of base cations. Estimated rates of base cation weath-
ering showed a fairly narrow range in values, i.e. 42-62 meq m-2yr-1. To increase the 
robustness of modelling calculations better information on weathering rates, vegeta-
tion uptake and chemical reactions over time is needed.
INCA-C model for DOC in the IM sites (Futter et al. 2011; in Ambio)
Surface water dissolved organic carbon (DOC) concentrations have changed in the 
Northern Hemisphere mainly dependent on changes in climate, land use and acid 
deposition. The extent and relative importance of these changes are, however, un-
certain. The integrated catchment model INCA-C was applied for the period 1996 to 
2008 to elucidate dynamics in the four Swedish IM catchments. Model results showed 
discharge to have the largest influence but seasonality was more correlated to soil 
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temperature indicating significance of soil processes. Acid deposition explained part 
of the DOC change, especially in the SE04, Gårdsjön site.
The near-stream zone influenced DOC concentrations at surface 
water formation (Winterdahl et al. 2011; in Ambio)
It was evident that DOC concentrations in surface water were positively correlated 
to discharge. High discharge also means high groundwater levels, being in the near-
stream zone in great contact with soil organic rich layers and thereby carrying organic 
compounds to the surface waters. To also investigate the significance of other chemical 
elements and processes the RIM biochemical model was used (RIM – Riparian flow-
concentration Integration Model). With this model, the influence from discharge could 
be excluded and effects of other variables elucidated. At the IM site SE04, Gårdsjön 
the decrease in acid deposition correlated to higher DOC. On the other hand sea salt 
deposition at the same site showed opposite effects, i.e. high sea salt concentration 
gave lower DOC concentrations. Another factor showing importance, especially on 
seasonality, was soil temperature. Further, groundwater pathways in the near-stream 
zone showed high variation in DOC at SE04, Gårdsjön and SE16 Gammtratten where 
organic matter content mainly were stored in the upper soil layers and with lower 
content somewhat deep in the soil. These conditions were different at the other two IM 
sites where organic matter store reached deeper layers and thereby furnishing higher 
DOC concentrations also at lower discharge values. As conclusions, the importance 
of water pathways in the near-stream zone for several chemical components and 
the need for intensified investigations of near-stream zone conditions were stressed.
Conclusions
The Swedish integrated monitoring of the forest environment has achieved valuable 
long-term time series providing important information on properties and functions 
in the Swedish forests. The compilation of the special issue of the Journal Ambio* 
will provide further information. Results from the last years monitoring contribute 
to the picture of decreased air pollution related to sulphur, reflected also in the soil 
water and runoff. Nitrogen remains on elevated deposition level and accumulates 
in the catchments as well as several metals. This will probably have implications on 
future ecosystem function. The interactions of changing climate and land-use will 
have additional impacts on Swedish forested catchments.
* Starr, M. (ed.). Special issue on Integrated monitoring in Sweden. Ambio, (2011), Vol. 40, No. 8, pp. 
833-933. ISSN 0044-7447. Doi; 10.1007/s13280-011-0207-8.  
http://www.springerlink.com/content/0044-7447/40/8/
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